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PREFACE. 



In these pages an attempt has been made to treat, as fully 
as possible, the subject of incubation, natural and artificial, 
to explain the physical laws bearing thereon, to discuss the 
principles and conditions of Nature's method, to see wherein, 
and to what extent, those principles are appli<;abk to the 
ai'tifioial method, and to endeavour to show the various 
influences that may affect, either beneficially or deleteriously, 
the embryonic development of the chick in its difierent stages. 
Although artificial incubation is not new, it is only in recent 
years that it has come into prominence, and there are, as yet, 
considerable conjecture and uncertainty concerning the causes 
of success or failure. If this book throws any light upon the 
subject, or assists the amateur incubator -operator to secure 
better results, or in any way hastens the day when the artificial 
method will, to the advantage of all concerned, entirely 
.supersede the natural one, its mission will have been fulfilled. 

J. H. S. 

We are indebted to Messrs. Cyphers, Hearson, The Incubator 
Components Co., Phipps and Tamlin for the loan of illustrations 
of incubators, and to Mr. Everall for blocks of many of their 
^ai'ts and other appliances. 
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HISTORY OF ARTIFICIAL 
INCUBATION. 



CHAPTEE I. 

Records prove that the incubation of chickens and ducks by- 
artificial means was Ivnown and practised in Egypt and China 
in very remote ages. Tradition credits the priests of the temple 
of Isis as being the inventors of the earliest artificial methods, 
but -when, or even by what nation the first "eccaleobion" or 
"mahmal" (so named on account of its life-giving properties) 
was constructed is not known. 

Although their appliances were crude and their methods 
appear to us primitive and simple, they proved, in practice, the 
advantage of artificial over natural means. At first it would 
appear that we ought, by the increased knowledge and experi- 
ence of 2,000 years, to have brought the science of artificial 
incubation to a higher point of certainty and perfection than at 
present is the case; but it should not, however, be forgotten 
that our circumstances are such that we have been able to copy 
nothing from the Egyptians to assist' us in the construction of 
an incubator to be of service in a variable climate like our own, 
the modern machine having been developed quite independently 
of any aid from the ancient methods just referred to. 

At the present day, in one or two places in the delta of the 
Nile, these house incubators, in which the eggs are placed and 
which are heated by furnaces and kept at the desired tempera- 
ture by vigilant attention, are still conducted on lines similar 
to those of over a thousand years ago. Attention to them forms 
a regular industry during about three months of the year, and 
the secrets of which business are jealously guarded and handed 
down from father to son. 

In principle the ancient and modern Egj'ptian methods are 
like our own, an imitation merely of a natural principle, but 
in practice the details of the methods are widely different. Their 
gigantic "ovens" could not be adopted in a variable climate like 
ours, which necessitates, in a far greater degree than in Egypt, 
a machine capable of automatically adjusting itself to vicissi- 
tudes of temperature and humidity which do not trouble the 
operators in the far less fluctuating Egyptian climate during the 
three months when the incubatories are at work. 
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Their methods, however, are interesting and to some extent 
instructive, for which reason some details are here given. 

Description of an Egyptian Incubatory. 

The incubatories, built of sun-dried bricks, are generally 
about 100 feet long by 60 feet wide, and from 12 to 20 feet 
high, the walls being 4 feet thick. Figure 2 is a plan. Guard- 
ing the incubator-room from being affected by outside tempera- 
ture there are aute-chambers, A^, A^. From the interior of A^ 
there is a small door leading into a central passage, B, on each 
side of which there are circular vaults about 15 or 16 feet in 
diameter divided into two stories or chambers, C^, C^, C2, Cj, as 
shown in the end elevation. Fig. 1, the lower egg-chamber being 
i or .5 feet high and the upper one about double the height. 
Small doors give access to each tier or egg-chamber. These are 
kept closed, except when the attendant enters to see the fires, 
or for the admission of fresh air about three times in 24 hours. 
In the centre of the upper egg-tier is a central manhole, D D, 
in which the operator stands to attend to the eggs. 

Around and close to the wall in each egg-chamber the fires 
are placed, being partitioned off by a ridge about 6 inches high, 








W///?///////////////>//7?//////y7//}/////////y/////}//7/ ' 

Fig. 1. 
E E. Small holes in the dome of the upper tier provide exits 
for the smoke, and, by adjusting its size, also for the regulation 
of heat. 

After the erection of the four walls and the circular ovens the 
intervening space is filled in with brick, with mud for mortar, 
making a very thick wall practically impervious to outside 
changes of temperature. 

Early in January the fires are lighted in the central passage 
and in the places round the walls of the ovens, and the place 
is thoroughly heated through to a temperature of about 110 
degrees, which is continued for a week or two, then allowed t-o 
fall to 100 degrees. 

Regulation of heat is done chiefly by increasing or diminishing 
the fires in the ovens, which are lighted in one or more places 
as needful, the fuel consisting of broken coarse straw and sheep 
and goat dung. No thermometers are used ; the operator, by 
long experience, can judge by his feelings the temperature 
required, which is a little higher than that of his own skin. 
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The floors of the ovens are covered with bran to prevent the 
eggs from rolling, and the attendant, twice a day, changes the 
positicHi of the eggs, removing those near the manhole to the 
outside. 

These enormous incubatories answer their purpose in hatch- 
ing a sufficiently high percentage of chicks to satisfy the 
operator. It seems strange, however, if, with the march of 
science, the percentage of hatches cannot be improved by the 
adoption in these large places of modern inventions for auto- 
matically regulating the temperature and supplying fresh air, 
etc., in place of constant watchfulness and the less reliable sense 
of touch. 

The population of Egypt is dense, and fowls form a very con- 
siderable part of the Egyptian diet. Without remembering this 
enormous demand, it is difficult to credit the large output of 
■chicks from these incubatories. Natural incubation, however, 
is rarely used, the Egyptian hen having long ago lost its 
maternal instincts as a sitter. 

It would, of course, be impossible for the hatchers to attempt 
to rear all the chicks they hatch. These are distributed within 
a few hours of hatching, in large or small batches, mainly by 
-women from far and near, who purchase and rear them. 

Development of the Modern Incubator. 

The earliest authentic account we have of the early incubation 
methods of the Egyptians is from the writings of a Sir J. Maund- 
ville, about the year 1.3.")6, in which he describes the heated 
houses to which women brought the eggs of hens, ducks, and geese 
to be put into the ovens to be hatched, coming again in three 
weeks or a month for the chickens, etc., "so that alle the countre 
is full of them." 

Xo attempt seems to have been made in the west of Europe 
■either to erect an incubatory or make an incubator till about 
the year 141.5, when Charles YII. of France took some interest 
in the subject. In2l84:0 Francis I., of France had an incubator 
•constructed mainly "to his own design, but with what measure of 
success is not known. We hear little or no more of experiments 
till a physician of France, named Bonnermain, built an incu- 
batory, in which the ovens were supplied with heat difiused from 
hot-water pipes and a fire. This was reputed to be a success, 
as it supplied the French Court with chickens the year round. 
The French Revolution, however, put a stop to this and similar 
experiments for a time. 

Contemporaneous with Bonnermain, an Englishman named 
John Champion erected, about 1770, an incubator house or 
room, through which there were heated pipes, the eggs being 
placed on a table in the centre of the room. The source of heat, 
a fire, was in an ante-room which masked the entrance to the 
■egg-chamber and in which the operator could attend to the fire. 
The flues also returned into this ante-room, thus keeping the egg- 
>ohambei' from smoke. 
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About the year 1845 M. Valtee, a Frenchman, was the first to 
attempt any automatic means of lieeping the temperature from 
getting too high. This incubator had self-acting valves which 
opened with excess of heat. This idea of automaticallyi 
regulating the temperature was all-important, as that invention 
may be considered to be the beginning of > the modern incubator, 
although Valtee's particular valves were soon discarded. 

Other inventors, named Bucknell, Cantelo, Minai,. became 
interested in the subject, and brought out machines with auto- 
matic regulators, but without much practical success, as they 
were too costly or elaborate. 

About the year 1846 Carhormier constructed an incubator in 
which a hot-water tank, heated by a lamp on one side, similar 
to present tank machines, was the source of heat. The eggs 
rested on damp sawdust. No method of automatic regulation 
was used. Owing to fluctuations in the heat from the lamp very 
frequent attention was necessary to increase or diminish the 
temperature, and two thermometers were provided for guidance, 
one for the tank and one for the egg-chamber. The modern 
tank machine may be said to be a combination of the principles 
with improvements of the automatic heat regulator of Valtee 
and the hot-water tank of Carhormier. 

From Carhormier's time on to 1877 improvements continued 
to be made, and new incubators put on the market, each having 
something to recommend it, but for practical and profitable use 
to the poultry-keepers they did not gain a footing or come in 
any way into general use. In one of these, Boyle's, the under- 
surface of the tank was grooved to receive the eggs, which rested 
on perforated zinc. The eggs were thus in contact with the 
source of heat on the top in imitation of the hen's body in 
natural incubation, and received plenty of ventilation through 
the perforated zinc below. The temperature was too 

fluctuating to permit of this incubator being acceptable. 

In 1877, T. Christy brought out an incubator which was an 
improvement on all previous ones, in that a fairly steady supply 
of heat could be maintained, though the method by which this 
was done was a somewhat laborious one from the standpoint of 
present-day machines. A certain quantity of cooled water was 
withdrawn from the tank twice a day at equal intervals and 
replaced with hot or boiling water. Thermometers were pro- 
vided for both tank and egg drawer. As water loses its heat 
very slowly, the temperature did not fall so far as to seriously 
affect the hatching between one refilling and the next, the fluctua- 
tions between the highest and lowest temperatures being only a 
few degrees. This incubator was the first to become of actual 
utility to the poultry-keeper. 

The attention of inventors was now devoted to finding a 
practical means of automatically keeping the heat in the egg- 
drawer uniform, and in 1881 C. Hearson patented the 
thermostatic capsule, as described in another part of this book. 
This invention placed the heat of the incubator under perfect 
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control in a simple and effective manner, overcame the chief 
difficulty of Christy's first machine, and placed Hearson's tank 
incubator for at least the full terpi of patent rights ^a long way 
ahead of others in popularity, and even after their expiration, 
as a tank machine, it has not been superseded, others being 
constructed on the same lines. 

Another incubator which enjoyed a fair degree of popularity, 
owing largely to its having the next best heat regulator, was 
Hillier's, in which the heat was at first supplied from the lamp 
chimney placed below the incubator and afterwards by radiation 
from a heated iron plate and tubes. 

From about 1890 there have been numerous copies or modifica- 
tions of Hearson's pattern, and in addition several attempts at 
hot-air incubators, with ascending ventilation, were made with 
some success, till the introduction of the hot-air incubators of 
the present day, in which the heated air is forced downwards 
through the eggs (as described in another chapter), for the first 
time challenging the supremacy of tlie hot-water type. 



CHAPTER II. 

THE STRUCTURE OF THE EQQ. 

A general knowledge of the structure of the egg is essential 
to the proper understanding of incubation. 

The Shell and its Contents. 

The shell consists of two layers of carbonate of lime, the inner 
layer being thicker and more porous than the outer one. The 
particles of these layers are arranged in such a manner as to 
give the greatest strength to withstand pressure from the outside. 
Innumeraljle minute holes oi' pores penetrate the shell to permit 
of the free interchange of gases, and to allow moisture to escape 
during incubation. By the action of this moisture, saturated 
as it is with carbon dioxide and the constant heat of either the 
hen's body or incubator, the shell hy the time of hatching loses 
its strength of texture, the particles become blended and con- 
fused, and the shell brittle, thus rendering the exit of the chick 
easier. 

Lining the shell and enclosing the white of the egg are two 
delicate porous membranes, the outer one thicker than the inner 
one. These two membranes remain in contact, except at the 
broad end, where they separate and form the air space, or air- 
chamber, so small in a newly-laid egg as to be almost invisible, 
but which gradually increases in size as the contents of the egg 
condense, whether incubated or not, by the evaporation of the 
water from the white, of which about 86 per cent, of the latter 
consists. 
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The degree of freshness of an unincubated egg can therefore, 
to a limited extent, be tested by the size of this air vesicle, tlie 
latter in a very stale egg, or in one ready for hatching, occupy- 
ing from one-sixth to one-fifth the interior space. 

The white of the egg consist's of alternate layers of denser and 
more fluid albumen, gradually increasing in density tcfwards the 
yolk. The composition of the white is about as follows : — 
Water, 86 per cent. 
Drj' albumen, 12 per cent. 
Mineral matter, i per cent. 
Sugar, fat, etc., li per cent. 
In a hard-boiled egg these layers of albumen can be peeled 
off singly. This albumen is highly nutritious, and as it is con- 
sumed in building up the tissues of the chick (the yolk suffering 
comparatively little diminution till hatching time) its absorption 
gives the latter the necessary additional room for growth. Being 
a bad conductor of heat it preserves the genn against sudden 
changes of temperature, and by its elasticity protects the yolk 
against injury from violent concussion. 

Extending from each end of the egg to the yolk is a kind of 
coil of denser albumen, the function of which is to keep the 
yolk more steadily suspended in the centre of the egg and so 
counteract the ill effects of the concussion as mentioned above. 
These chalazse, as thej are called, terminate at one end, which 
is free near tlie outer part of the white, and at the other end 
they merge into the denser layer of albumen next the more fluid 
one which adjoins the yolk. 

Inside the white is the yolk, the most nutritious part of the 
egg, composed about as follows : — 
Water, 52 per cent. 
Oil and fat, 45 per cent. 
Albuminoids, 1 per cent. 
Colouring matter, 1 per -cent. 
Mineral matter, 1 per cent. 
It is enclosed in the fine, transparent, and elastic vitelline 
membrane. The yolk diminishes a little in size till within about 
24 hours before the chick leaves the shell, when it begins to be 
absorbed through the navel into the abdomen, thus supplying 
the chick with highly nourishing food during the first 24 hours 
of its life. 

The yolk, like the white, is arranged in layers, with a small 
central flask-shaped mass of less density, called the utricle, from 
which a neck extends to the side of the yolk where the germ is 
located. 

Floating on the upper surface of the yolk and just under the 
vitelline membrane enclosing it a circular, opaque, white rim 
may be seen by close observation, surrounding a more trans- 
parent part, near the centre of which is a white spot, the germ. 
The white rim is the commencement of the area opaca, described 
later, and the central portion of the area pellucida. 
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The Germ. 

The blastoderm, or germ spot, owing to an admirable provision 
of nature, always floats on the top of the yolk, and is thus kept 
as near as possible to the body of the sitter. This is eSected by 
the yolk being denser, and therefore heavier, on the side opposite 
the germ. In whatever position the egg may be turned, pro- 
vided there is no check to the rotation of the 3'olk, such as the 
germ adhering to the shell, the centre of gravity of the yolk being 
always on the opposite side from the germ, the latter comes to 
the top. As the yolk is of less density than the white, it has 
also a tendency to rise to the top of the egg, while the compara- 
tively heavy albumen of the chalazse, attached to each side of the 
yolk in a line with the long axis of the egg, tends to relieve or 
moderate the upward tendency of the yolk towards the shell. 

SECTION OF UNINCUBATED FOWL'S EGG. 

Fig. 3, page 15. 
G. the germ. 
L.Y. layers of lighter coloured yolk, arranged concen- 
trically around the flask-shaped light yolk in the centre. 
Y.Y. yellow yolk. 

Y.M. the vitelline membrane, outside of which is a layer of 
more fluid albumen. 
A. albumen, in alternate denser and more fluid layers. 
Ch. the chalazse, consisting of spirally twisted denser 
albumen . 
I.S.M. inner layer of membrane. 

O.S.M. outer layer of membrane; the separation of these at 
the broad end forms 
A.C. the air chamber. 



CHAPTER III. 

FORMATION OF THE EQQ IN THE OVARY. 
The Ovary. 

The ovary of birds is attached to the vertebral column (back- 
bone), and varies in appearance according to the age of the fowl. 
In mature females it consists of highly vascular capsules or bags 
of varying sizes, each containing a more or less developed ovum 
which is liberated from the capsule when fully matured. On 
this ovum, and generally opposite to the place where the capsule 
was joined to the ovary, there is the germinal disc or blastoderm 
before-mentioned. In its passage down the oviduct the outer 
white and shell are added. First, the albumen is secreted and 
deposited round the yolk, the spiral arrangement of the chalazse 
(thickened twisted albumen) being brought about at the same 
time. The shell membranes are formed, from the external layer 
of albumen. 

c 
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In the next portion of the oviduct the shell is formed bj' the 
secretion from the linint;' mucus membrane of a thick white fluid 
which covers the egg and in which the inorganic particles form- 
ing the brittle shell are deposited, this process occupying from 
about 12 to 18 hours. 

In laying, the egg is expelled by strong muscular contraction 
of the walls of tlie uterus (egg passage), and passes with its 
narrow end outward into the cloaca (the junction of egg passage 
and intestines) and to tlu' exterior. For fuller information see 
Chapter IV. 

Development of the Embryo, 

The fertilized germinal disc or blastodisc (Fig. 3) under- 
goes changes while in the warm oviduct of the fowl until its 
expulsion, when these changes cease till the vital activities are 
brought again into play by a suitable condition of temperature. 

The condition of the blastoderm is not therefore the same in 
all eggs when placed under incubation. In warm weather, the 
changes taking place between the time of laying and incubation 
may be more advanced than in cold weather, so that at the end 
of a given period of incubation some eggs will be further 
advanced by some hours than others. 

The embryo chick is formed in the area pellucida (clear and 
more transparent portion) of the blastoderm (Fig. 11), whicli 
at first consists of two layers of cells, a third appearing after- 
wards between the two. These three layers, upper, middle, and 
lower, are named epiblast, mesoblast, and hypoblast. The upper 
layer, the epiblast, produces the skin, feathers, claws, beak, etc., 
the nervous system and the important parts of the eye and ear 
of the embryo. From the mesoblast the blood-vessels, muscles, 
and skeleton are developed, and from the hypoblast the secretory 
lining to all organs. 

With incubation the blastoderm begins gradually to spread 
over the yolk as a thin circular sheet just under the vitel- 
line membrane (Fig. .3). This blastodermic expansion con- 
tinues uniformly all rounil its circumference till it entirely 
envelops the yolk, which is now enclosed not only by the vitelline 
membrane but also by the blastodermic bag, as it were, formed 
just under the vitelline membrane. To fully encompass the yolk 
occupies about 7 days, the area opaca (Fig. 11) of the blasto- 
dermic bag taking up a much larger proportion of the enlarge- 
ment than the area pellucida. 

From the part of the area opaca nearest to the area pellucida 
the blood-vessels are formed, hence this part of the area opaca 
is called the vascular area. 

The embryo itself grows out of the central portion of the area 
pellucida, the head appearing first and some hours afterwards 
the tail, the emiirvo being enclosed in a sac (the embryonic sac) 
resting in a depression in the yolk. 

As incubation advances the embr5'o in its sac grows larger by 
tlie gradual assimilation of nutriment from the albumen, or 
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white, and the yellow yolk. A day or two before hatching, the 
j-olk sac, with its reduced contents, is taken into the abdomen 
of the chick, so that the embryonic sac alone remains. 

The embryonic sac gradually acquires thicker and thicker 
walls all the time undergoing changes, slight bud-like protuber- 
ances (Fig. 18) appearing from the trunk to form rudimentary 
limbs, and by the unequal development of these outgrowths the 
embryo gradually assumes its outward shape. At the same time 
from internal growths the lungs, heart, liver, etc., are developed. 

Changes during the Development of the Embryo. 

Note.— For the minute details in the description in this chapter of the 
Developraent of the Embryo, my thanlss are due to Poster & Balfour's large 
"work on " Embryology." 

After a few hours of incubation the first change visible in the 
area pelkicida consists of a thickened line of cells shown in 
Fig. 1.") and called the primitive streak, and indicates the 
position of the embryo which always forms immediately in front 
of this at E, the lirst formation being the neitral or medullary 
groove. 

The 12th hour. — On each side of the neural groove, ridges 
called medullary folds form parallel with the groove, coming 
gradually closer together till by the 12th hour the neural groove 
is arched over, forming the medullary or neural tube or sac, 
closed also at both ends. The front end eventually becomes the 
brain and the remainder forming the spinal cord. Its walls are 
formed wholly of epiblast cells, mentioned on page 18 Below 
the neural tube is formed an axis or vertebrae. Below this again 
is another tube, and enclosed within it is a third tube suspended 
to the above-mentioned axis and whicli is the source of the rudi- 
mentary Alimentary Canal, or digestive organs, and its 
appendages, the liver, etc. The remainder of the cavity of the 
second tube contains the heart and vascular system (blood- 
vessels), and forms the body generalh-. The transverse section 
of the fundamental structure of vertebrate animals always 
appears as above — namely, a single tube above the cerebro-spinal 
column, a double tube below, the inner one forming the alimen- 
tary canal and the outer one the general structures of the body. 

From the first hour the area pellucida, which is not very 
distinct in the unincubated egg, becomes more and more trans- 
parent and gradually assumes a pear-shape, the broad end 
corresponding with the head of the chick, and at the same time 
the area opaca becomes more distinct and increases in size. 

2nd day. — During the latter part of the second day the meso- 
blast layer of cells divides into two lines parallel with the 
medullary tube or canal, and on each side of the notochord 
(Figures 16 and 20). Each of these mesoblastic lines becomes 
split up by narrow spaces containing clear fluid, giving the 
appearance of square plots or cubes, called mesoblastic somites 
or protovertebree. From these the backbone and voluntary 
muscles are formed. 

By about the end of tlie first day there are indications of the 
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beginning of the vascular area, the germinal wall or inner edge 
of the area opaca where it adjoins the pellucid area assuming 
a slightly mottled appearance caused by the formation of little 
dots or islets of blood corpuscles, white at first, which soon 
become connected by fine capillaries, which again unite, forming 
larger vessels, ultimately uniting into the vitelline veins and 
passing into the rudimentary heart of the embryo. In a similar 
manner a pair of large vessels, the aortse, coming from the front 
part of the heart, divide into the vitelline arteries, again divid- 
ing and sub-dividing into fine capillaries. 

During the first half of the second day the embryo, as in 
Fig. 16 may be seen. The front end of the neural canal widens 
to form the brain, occupying about one-third the length of the 
embryo, on each side of which the optic vesicles, or rudimentary 
eyes, appear. Near the hind part of the brain two shallow pits 
are discernible, which are the rudimentary organs of hearing. 
The mesoblastic somites increase in number to about 1.5 pairs 
by the middle of the .'■econd day, the addition being from the 
front towards the tail. 

By about the 36tli hour the first appearance of the heart is 
seen immediately behind the brain. This consists at first of a 
roughly flaslc-shaped tube, into the hind part of which pass the 
two vitelline veins, and from the opposite end the two aortse or 
main arteries spring. A little later the heart becomes divided 
and commences to pulsate. 

By the contractions or pulsations of the heart the blood is 
forced into the bulbous arteriosus which divides into the two 
before-mentioned aortce, which run loarallel backwards towards 
the tail. About half-way to the tail each aorta gives oS. a large 
branch, the vitelline arttry ; then, considerably reduced in size, 
it continues towards the tail, where it becomes, as also the 
branches, lost in the vascular area. 

Round the outer ed;;e of the pellucid and vascular areas, and 
almost completely encircled by it, there is a thin red blood-vessel 
called the sinus terminalis (Fig. 17). From this the network 
of capillaries commences to gather into larger and largvr veins, 
ultimately forming the two vitelline veins entering the hind 
portion of the heart. Movements in the blood-vessels appear, at 
first apparentljr independent of the heart's pulsations. 

The Amnion. 

About the 24:th hour the embryo begins to sink slightly into the 
yolk, and at the same time the head fold of the amnion (Fig. 
16) makes its appearance, gradually spreading backwards. A 
little later the tail fold begins to spread forward towards the 
head fold, which, with the lateral or side folds, eventually unite 
over the embryo, all trace of the coalescence being lost, and so 
enclose the embrj-o in a sac, consisting of two thin membranes. 
The inner membrane is called the true amnion, and the outer the 
chorion or false amnion, both of which are distinct, forming two 
sacs or cavities one inside the other. 
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Within the. inner amnion or amniotic sac is the amniotic 
fluid. At first the amnion membrane closely surrounds the 
embryo, but about the 5th or 6th day the fluid increases and to 
some extent distends the amniotic sac, permitting the embryo 
to move freely and protecting it against concussion. 

The outer membrane or chorion lies close within the vitelline 
membrane, with which it later coalesces into one membrane. 

The Allantois. 

From the hinder part of the embryo, about the middle of the 
2nd day a small blind sac (Fig. 18), a continuation of the 
alimentary canal, called the allantois, makes its appearance, and 
gradually pushes its way between the true and false amnion sacs, 
till it completely encloses the embryo yolk and albumen or white, 
and is separated from the shell by the false amnion membrane, 
with which the vitelline membrane has coalesced. The allantois 
is abundantly supplied with blood-vessels, and these fine capil- 
laries, lining the inner surface of the shell so closely, permit the 
interchange of oxygen inward and of carbonic dioxide outward 
through the pores. The allantois is therefore the respiratory 
organ of the embryo until it commences to use its lungs just 
before hatching, when the circulation in the allantois ceases. 

3rd day. — The 3rd day is a very interesting one in the life- 
history of the embryo, as on this day the rudiments of many 
organs make their first appearance. The blood-vessels have been 
for some time drawing nutriment mainly from the white, the 
loss to the yolk being made up by absorption -from the white, 
and therefore this shows only a slight diminution. By the, 
reduction of the white, the yolk, and with it the blood-vessels 
surrounding it, are brought closer to the porous shell, thus 
becoming more exposed to the atmosphere, by which means 
respiration or the interchange of gases between the blood and the 
outer air is accelerated. (Fig. 19, A to H, pages 40 — 43). 

During this day the head and tail become more distinct and 
begin to fold inwards towards each other. A change of position 
also takes place, the embryo moves from lying on the yolk with 
what will afterwards become its mouth downwards, to lying on 
its left side. 

From the sides of the brain rudimentary eyes appear in the 
form of two sac-lilve protrusions, which by the end of the 5th day 
have assumed a very complete form. 

Shallow pits on each side of the hind brain appear on the 2nd 
day, which openings close up on the 3rd day and form closed 
vesicles which afterwards develop into the complicated parts of 
the inner ear. 

The Vascular System. 

On the third day the heart consists merely of a twisted tube, 
which eventually becomes divided into right and left halves by 
internal ridges or constrictions, developing later into four 
chambers, namely two ventricles and two auricles, thus becoming 
complete as in the adult. 
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The venous or impure blood coming to the heart is distributed 
again over the yolk sac, and is called the yolk circulation. This 
is followed by arteries, capillaries, and veins in the vitelline 
membrane enclosing the allantois, and is called the allantoic 
circulation, which is followed later by the pulmonary circulation. 

Towards the end of the 2nd day there appears two pairs of 
veins, namely, a pair of Anterior Cardinal Veins, bringing the 
blood from the front part of the embryo, and a pair of Posterior 
Cardinal Veins, bringing the blood from the hind portion. Both 
pairs unite into one pair called the ducts or veins of Cuvier, 
which enter the posterior end of the heart. 

During this allantoic circulation and until close to the time of 
hatching, when the lungs begin their function, the blood is 
aerated by the absorption of oxygen and elimination of carbon 
dioxide through the porous shell. 

I'ntil the IStli or 19th day the lungs contain practically no 
air, the first use of the lungs being when the chick breaks through 
its covering membrane. Rapidly increasing in strength it pecks 
a hole in the shell, and thus gaining a larger supply of air, 
pulmonary circulation replaces vascular aeration. The arteries 
and veins in the greatly diminished allantois now being of no 
further use, rapidly dr}- up. The yolk is by this time completely 
absorbed into the abdomen and the chick is readv for its exit. 



The Alimentary Canal. 

About the end of the Ist day a rudimentary gut marks the 
beginning of the digestive organs. From the front part of this 
the a-sophagus (throat), stomach, and duodenum are developed, 
and from the hind part the intestines and cloacal chamber. The 
lungs are formed from the part of the alimentary canal in front 
of the stomach and the liver and pancreas from the duodenum 
between the stomach and the small intestine. About the 6th day 
the beginning of the gizzard appears as an off-shoot from the 
stomach. 

The Respiratory Organs. 

As before stated, the beginning of the lungs is noticed about 
the .^rd day, and tliev are formed from a bud-like development 
from the lower portion of the fesophag.us (throat). The spongy 
substance of the lungs becomes plentifully supplied with capil- 
laries, by means of which the blood comes into closest possible 
contact with the air breathed into them, when the pulmonary 
respiration Jjegins, about the 19th or 20th day. The process of 
aeration is by the interchange of gases by diffusion. The venous 
or vitiated blood, pumped by the right ventricle of the heart 
to the lungs, is of a purple colour. It changes in the lungs into 
a bright scarlet colour. This arterial blood is then returned to 
Iho left auricle, whence it is pumped over the body, returning 
again in a venous condition to the right ventricle. 
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Summary of Changes during Development. 

Th€ following is a summary of the changes which take place 
during incubation, especially at the four most important stages 
or periods, namely, the 3rd day, the 5th day, on the days before 
pulmonary respiration begins, and after the chick begins to use 
its lungs. 

3rd day. — On the 3rd day the heart consists simply of a 
twisted tube partly divided by internal ridges into three 
chambers. 

From the heart, the pulsations of which have begun, the blood 
passes into the dorsal aorta (artery at the back) (Fig. 20), 
which, dividing, carries the blood down each side of the noto- 
chord (spine) for distribution by capillaries over the j-olk sac, 
where it is aerated, there being now a complete system of 
circulation. 

From the yolk nutritive matter is absorbed, and is carried by 
the blood-vessels to tlie growing embryo, the yolk being 
replenished for its loss by absorption from the white, the diminu- 
tion of which becomes noticeable. 

By this time the embryo is almost completely surrounded by 
the amnion (Fig. 20), the folds of which unite over its back. 

An important change now takes place. The embryo has been 
lying with its mouth downwards, but on the 3rd day it turns over 
so as to be on its left side, the left vitelline vein at the same time 
begins gradually to increase in size, and the right vitelline vein 
gradually to diminish till it finally disappears. The embryo 
also becomes more curved. 

ith da;/. — Figures 18 and 19. — By the ith day the embr)-o has 
increased considerably in size, and the white has very noticeably 
diminished, little being left between the embryo and the shell 
membrane. The vascular area now almost covers half the yolk, 
and the circulation is more active. 

The amnion, which completely surrounded the embryo on the 
3r(l day, partly Jiides the chick, and lies close to it, as the 
amniotic sac, as yet, contains little fluid. 

The allantois, which first appeared on the 3rd day as a pear- 
shaped protrusion from the alimentary canal, gradually begins 
to force its way between the double membrane of the amnion, 
till it eventually surrounds the egg immediately under the shell, 
thus enclosing the embryo, yolk, and albumen. 

On this day tlie rudiments of limbs appear, and the chick 
becomes still more curved on itself. 

5th do;/. — The allantois has by this time spread between the 
double amniotic fold over tlie right side of the chick lying on 
its left side, and by its blood-vessels and yolk circulation respira- 
tion is carried on. The opposite walls of this flattened allantois 
are kept apart Ijt an enclosed fluid. 

The yolk is completely enclosed by the germinal membrane, 
and about two-thirds of it is covered by vascular circulation. 

Between the amnion (which on the 4th d&j lies in close contact 
with the embryo) and the embryo fluid gradually gathers, which 
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by the 7th day permits the embryo to move freely in this 
amniotic fluid. Tliis provision of nature no doubt counteracts- 
the injurious effects of jarring. Pulsations may also be noticed 
in the amnion itself, and at a later date similar movements in 
the allantois. 

At this time the head is still disproportionately large, but it 
afterwards becomes less disproportionate. 

6ifA and 1th dai/s. — The vascular area of the yolk continues 
to enlarge, the thin red line marking the outer boundary having 
almost disappeared by the 7tli day. 

The white continues to diminish rapidly, being absorbed by 
the yolk, which is more fluid and larger than on the 6th day. 
The fluid portion of the white also goes to form the fluids of the 
amnion and allantois (Fig. 21). 

8fh day. — The allantois on the 8th day about covers the yolk 
sac as a flattened bag enclosing fluid, the outer membrane, 
nearest the shell, being plentifully supplied with blood-vessels 
which now are the chief means of respiration. 

The rudiments of the beak appear as a chalky patch at the 
end of the nose, which by the 12th day has developed into a 
horny but soft beak. 

9th and 10th da;/s. — The yolk sac is becoming reduced in size 
bj- absorption by the blood-vessels and assimilation in the body 
of the growing chick. It becomes by the 11th day soft and 
flaccid ,and shrinks into folds, which further increases the area 
of absorption by the blood-vessels. (Fig. 22). 

About the Itth day sacs or papillis containing feathers make 
their appearance, and are especially noticeable along the back 
from head to tail and along tlie thighs, the papillae of the tail 
feathers being most appai-ent. The.se sacs are so thin and 
almost transparent that by the 13th day the colours of the forth- 
coming feathers can be seen. The feathers remain encased, 
though by the 19th day many of the sacs are one inch long. 

11th day. — By the 11th day the walls of the abdomen, though 
less Arm than those of the chest, have assumed definite form, and 
the loops of the intestines have l)een drawn into the abdomen. 
The eml>ryo's body is now complete, though it remains connected 
with the amnion, allantois, and yolk by the umbilical cord or 
umbilicus, in which are the solid cord suspending the yolk and 
the stalk of the allantois. The latter, still growing, completely 
encloses the whole contents of the egg, except a little dense and 
viscid albumen at the opposite end of the egg from the embryo. 

I'.^h day. — Nails and scales on the toes appear, which by the 
IGth day become harder and hornier, as does tlie beak. 
fFig. 2.3). 

The skeleton of cartilage is liy tliis time complete, and many 
of the muscles can be seen. 

Ossification, or the gradual changing of the cartilaginous 
skeleton into bone begins about the 8th day. 

lith day. — On the lith day the chick changes its position 
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from crosswise to lengthwise of the egg, with its head near the 
air-cell at the large end. 

16th day. — The allantois now encloses the little albumen left, 
and deposits of urates (salts of uric acid) begin to take place in 
the fluid of the allantois. The intestines are up to this time 
empty and do not nearly fill the abdomen, but by the 19th day 
the remains of the yolk are withdrawn through the umbilicus 
into the abdomen, causing a distension of its somewhat flaccid 
walls. The highly vascular allantois, the almost bloodless 
amnion and the serous membrane only now remain outside. 

^Wh day. — About this time the beak is pushed through the 
lining membrane of the air-chamber, and the chick begins to 
breathe the enclosed air. Pulmonary respiration having now 
begun, the allantois circulation becomes less and- less active till 
it dries up entirely through the closing of the umbilicus arteries. 
The chick by turning in its shell cut.s the latter partly round 
and breaks off the remainder. (Fig. 24, page B2). 

The chick in beginning to use its lungs is not entirely depen- 
dent on that organ, the change from respiration through the 
blood-vessels to respiration through the lungs occupies at least 
24 hours. As the blood slowly withdraws from the network of 
veins lining the shell to the chick's body, more and more air is 
taken into the lungs till the chick begins to feel the want of 
more air than the slow diffusion through the shell into the air- 
chamber provides, when it commences to chip and breaks the 
shell to get out of its prison. It is during this time that the 
yolk is absorbed into the abdomen. 




Fig. 13. 
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CHAPTER IV. 
FORMATION OF THE EGO. 

All animal life is developed from eggs with the difference that 
in most animals the whole process of development is effected in 
the body of the female, while in the case of birds the process is 
completed after the egg has left the body. 

Attached to the fowl's spine is the ovary, which consists of a 
collection or cluster of yolks or ova in all sizes and stages of 
development. Each yolk is enveloped in a sac or bag of thin 
transparent membrane fastened to the ovary by a stem. As 
the ovum increases in size this membrane becomes thinner, 
especially round its widest part, where it ultimately ruptures, 
liberates the enclosed full-sized yolk and discharges it into the 
funnel-shaped entrance to the oviduct or egg-passage, whose 
duty it is to conduct the egg to its exclusion. When the ovum 
bursts its sac and enters the oviduct it is enclosed in a vejir 
thin membrane. (Figures 28 and 29). 

The oviduct is a passage about two feet long, and may,. 
divided into four parts : — 1st, the dilated entrance, the infu''§ 
bulum; 2nd, the tubular portion, the oviduct proper, openit 
by a narrowed passage into, .3rd, the uterus, a widened portion,' 
and 4th, a narrowed part which leads into the cloaca. 

As thC' ovum passes along these it is coated first with layer 
upon layer of albumen, or white, secreted by the glandular walls 
of the passage. It remains in this second portion about 3 hours, 
during which it also receives a double membranous coating out- 
side the white and lining the interior of the shell. In the third 
portion, or uterus, it remains from 12 to 18 hours, and acquires 
a calcareous deposit or shell. This deposit of carbonate of lime 
is often mixed with colouring matter, which. gives the eggs either 
a tinted or spotted appearance. From the uterus the egg is 
expelled, narrow end downwards, by strong muscular con- 
tractions. 

If the yolks are liberated faster than the oviduct can secrete 
the calcareous covering, a soft egg is the result. Sometimes 
after the supply of ova is finished the secretions from the walls 
of the oviduct continue active, resulting in a small egg consist- 
ing of white and shell only, and which generally indicates the 
end of a term of laying or batch of eggs. Should the oviduct 
become inflamed or deranged, checking the secretions, while the 
supply of ova continues, some of the lattet without any covering 
whatever may be laid. 

Fertilization of the Bgg. 

The vital fluid or sperm cells of the male consist of microscopic 
threads, one end of which is slightly enlarged. These sperm 
cells pass along the oviduct to the ovary and there await the 
bursting of the yolk sacs and the liberation of the ova. Each 
ovum has a minute opening called the micropyle, through which 
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the male sperm cells find their way, take possession of the disc 
or female germ on the yolk, and impregnation or fertilization 
takes place. As it is not likely that the sperm cells can impreg- 
nate the yolks till they have bnrst the encasing sacs of the ovary 
and enter the oviduct, and as a firm membrane, probably also 
impervious to impregnation, soon encloses them after entering 
the oviduct, it is almost certain that fertilization takes place 
as the yolks leave the ovary and at the entrance to the oviduct. 

The yolk takes about two days to descend the oviduct and to 
become coated with albumen and shell. It is possible, with a 
laying hen, for two or three yolks to be in the oviduct at one 
time, the last one shelled and the others in different stages, each 
probably, except possibly the first, too late to be impregnated. 
It is likely, therefore, that not more than one or two of the last 
discharged ova are susceptible to impregnation at one time, 
because, as before stated, although as many as twenty ova may 
be attached to the ovary, it is not likely that any of these can 
be fertilized till they burst their sacs. The question now is, 
how long does the vital fluid of tlie male remain active from 
one copulation, because upon this depends the number of eggs 
that can be fertilized by one coition, and the length of time the 
eggs will become fertile after the removal of the male. The 
writer has never found this to extend beyond from five to ten 
days, or to about three to eight eggs, generally nearer the 
former figure than the latter. In the case of turkeys it is known 
that one coition impregnates a batch of eggs, or all the eggs 
laicl till the female becomes broody, but this might be accounted 
for by assuming that the spermatozoa or sperm cells of the male 
turkey retain their vitality and activity in the fluid in the upper 
portion of the oviduct longer than the sperm cells of the male-3 
of other species. In the rare cases where a whole batch of hen's 
eggs has continued fertile after the removal of the cock, a 
similar explanation may be offered, that the length of time the 
spermatozoa keep alive and active, ready to vitalize the ova as 
they mature and leave the ovary, varies greatly with different 
male birds. Cases we have seen i|Uoted where the eggs are said 
to have been fertile after the cock had been removed ten weeks 
are of doubtful authenticity. 

How soon after mating may eggs be depended upon for incuba- 
tion is often asked. This time varies very considerably. It is 
quite possible and occasionally happens that an egg laid on the 
fourth or even the third day is true to the mating, but generally 
five or more days must elapse before the eggs can be relied upon. 
It must take some time for the sperm cells to traverse the two 
feet of oviduct to reach the ovary; there further time, possibly 
several days, may be taken up in awaiting the liberation of an 
ovum, and then about two days for the descent of the latter 
from the ovary to its expulsion, all of which, however, under 
the most favourable circumstances may occupy, as before stated, 
not more than three days. If we assume as correct what has 
iDeen asserted by several writers as a result of carefullv-noted 
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experiments, that as a rule, when a hen is in full lay, the eggs, 
true to mating, commence on or about the fifth day after copula- 
tion and end on or about the tenth, or commence with the fourth 
egg and end with the eighth or ninth, we may infer that the 
spermatozoa live and retain their activity for about eight or nine 
days from copulation. 

The sperm cells of the male undoubtedly vary greatly in 
strength, some probably never reach the ovary at all, or so few 
as to impregnate only one or two eggs, or even of such weak 
vitality as not to live long enough to fertilize an egg. Again 
the spermatozoa of 'a second mating may be stronger or weaker 
than these of a previous mating. In the former case the second 
sperm cells may take possession of the female pronucleus or 
germ to the exclusion of the previous sperm cells, causing the 
eggs to hatch true to the second mating after the lapse of even 
three days. On the contrary, the earlier sperm cell^ although 
older, may still be stronger than those of a second mooting. This 
supposition may account for its not being safe to rely upon the 
eggs of a second mating coming true to type till the hen has 
concluded its batch of egiis, not that the eggs are fertilized as 
a batch, but that the strong sperm cells of a first mating remain 
in possession, as it were, impregnating the ova as liberated. 
As a rule, however, the eggs will be true to the second mating 
in five or six days, and are sooner fertilized to (iny mating if 
the eggs in the process of being laiil were sterile. 

Periods of Incubation. 

As before stated, 21 days is the normal incubation period for 
fowls, but the actual period varies considerably with circum- 
stances. The eggs of the lighter breeds hatch out sooner, other 
conditions being equal, than those of the heavier breeds, possibly 
owing to the greater thinness or porosity of the shell of the 
former and consequent slightly quicker development owing to the 
quicker interchange of oxygen and carbon dioxide. 

The rare cases in which eggs have been known to hatch three 
or four days before the usual time may be explained by the egg 
having been probably held from fright or other cause in the 
oviduct of the hen and the development of the germ ha^^g been 
even at the time of laj-ing several days advanced. The little air 
in the egg and oviduct would be sufficient for a short time with 
the continuous warmth to stimulate the germ from its dormant 
state. 

Germination will commence and proceed slowly for a time at 
the comparatively low temperature of 80 degrees, and may be 
retarded in its development throughout incubation by a con- 
tinued low temperature or by frequent cooling so as to lengthen 
the incubation period 2-3 or 24 daj^s, but it is obviously apparent 
that if the activity of the vital spark is once arrested its life 
becomes finally extinguished. 

The figures below give the normal number of days required to 
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incubate the eggs of the following birds: — Hen, 21 days; duck, 
28; goosej 30 or more; turkey, 28; pheasant, 24; partridge, 24; 
peafowl, 28; swan, 58; ostrich, 42. 



CHAPTER V. 
NATURAL INCUBATION. 

The more nearly the artificial method of incubation can copy 
the natural one, the more successful will be the results. We will 
therefore observe first the conditions of the natural process and 
from them learn, as far as possible, the principles that must 
guide us in the use of the artificial method. 

When a hen becomes broody the arteries and veins under the 
bod}' become more highly charged with blood and cover the 
abdomen with a warm network, which, being pressed against the 
eggs, keep the latter at a temperature approximating that of 
the fowl's body. 

During the 20 or 21 days that a hen sits on her eggs she 
frequently turns them in the nest, probalily simply re-arranging 
them to her own comfort, but, at the same time, fulfilling an 
absolutely necessary condition to the successful development of 
the embryo. In settling down to her eggs, after being off for a 
time, she generally performs the operation with a wriggling 
motion, and in so doing separates the eggs slightly and partly 
surrounds them with her downy feathers, a small portion only 
of each egg coming in contact with her body. 

It will also be noticed that, as incubation advances, the small 
end of each egg has a tendency to turn towards the middle of 
the nest, and the broad ends to become slightly elevated, owing 
mainly to the nest becomin<;' deeper, and the enlarging air space 
in the broad end causing the narrow end to be the heavier. 

The number of times a good sitter will leave her nest, and 
the length of time she will stay away, depend on the weather, 
the degree of fertility in the eggs, and the stage of incubation. 
In warm weather these journeyings will be of more frequent 
occurrence and of longer duration than in cold weather. She 
may sometimes be noticed, when the weather is hot, to rise in the 
nest and shake out her feathers as if to cool herself and the 
eggs. The same remark applies, even in cooler weather, when 
the eggs are well fertilized with strong germs at an advanced 
stage, when the animal heat in the eggs themselves is great. 

The Heating of the Bggs by the Hen. 

In natural incubation heat is applied to the eggs by actual 
contact with the incubating body, although in the earlier stages 
the down and feathers may prevent, to some extent, this direct 
contact. The bodily heat of the sitting hen is greatest at the 
commencement of incubation, and as its heat decreases the 




Fig. 14. 

SECTION OF A FOWL'S EGG AT THE END OF 
THE 2nd day. 



E. the embryo. 
A. P. area pellucida. 
V.A. vascular area. 



A.O. area opaca. 
Y. the yolk. 
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feathers and down under its body disappear, and the eggs are 
brought closer to the source of heat, so that, notwithstanding a 
slight diminution of warmth in the incubating body, the differ- 
ence in the amount of heat imparted to the eggs between the 
earlier and the later stages is not as great as would otherwise 
be the case. Moreover, although the bodily temperature of the 
sitter diminishes a little as incubation advances, the fowl loses 
fat which brings the rich network of blood-vessels in the 
abdomen more closely in contact with the eggs. 

In addition to direct contact, warmth is applied by the diffu- 
Bion of heat downwards by the feathers which partially fill the 
spaces between the eggs and round the outside of the nest. Cool 
fresh air comes in under the eggs and close to the bottom of the 
nest, gradually ascends to the heat-generating body and becomes 
heated, but instead of passing out on the tops of the eggs only 
its exit laterally is resisted and retarded by the downy fluff and 
feathers, which conduct and diffuse the heat downwards as well 
as outwards, and hold suspended among them a large volume 
of warm moist air, any rapid movement of which being 
impossible. Moreover, the outgoing warm air meets and 
imparts most of its heat to the incoming cool air, so that in the 
gradual replacement of the volume of air around the eggs little 
heat is lost. 

In addition to this, the earth is a poor conductor, and the 
heat, instead of being absorbed, is largely radiated back to the 
under surfaces of the eggs. 

Although the white and yolk of the egg are bad conductors, 
the shell is an extremely good conductor of heat, and this 
property greatly assists in more evenly distributing the warmth 
to all parts of the egg. 

The development of the vascular system also adds another 
important aid to the conveyance and uniform distribution of 
heat from the upper to the under surface, and from the outside 
to the inside of the egg. 

The Temperature of the Hen. 

The bodily temperature of birds is rather higher than that of 
mammals. The heat of the human body, as indicated by a 
thermometer placed in the mouth or under the armpits, etc., is 
98, the temperature of the blood itself being one or two degrees 
higher. During the first few days of incubation the heat of the 
hen's blood near the heart is as high as 112 degrees, graduallj' 
falling during the three weeks about a couple of degrees. A 
thermometer placed in the rectum of a sitting hen at first 
registers about 109 or 110 degrees, by the end of the first week 
108 or 109 degrees, and by the end of the third week 105 or 106 
degrees. The temperature registered close under the abdomen 
in the middle of the nest and on the top of the eggs when the 
latter are thoroughly warmed through is from 103 to 105 
degrees. 
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The Temperature of the Eggs during Incubation. 

The temperature of eggs in process of incubation is lower than 
that of the incubating body, and the amount of this difference 
or degree of variation between the two temperatures does not 
remain uniform through all the stages. It is not possible to get 
the internal temperature of the egg as kept by the hen at the 
various stages of incubation with perfect exactness, but it has 
been done with sufficient accuracy for practical purposes. 

In the experiments which gave the results below, the eggs, 
after being taken from the nest, were wrapped up in warm 
material, a very small hole was made in the large end and an 




DIAGRAM OF THE CIRCULATION OF THE 
YOLK-SAC AT END OF 3rd DAY. 
H. the heart. L.V.V. left vitelline vein 

,A. aorta. R.V.V. right vitelline vein. 

L.V..'V. left vitelline artery. V. sinus terminalis. 

R.V..'\. right vitelline artery. 

extremely delicate thermometer, previously raised to 98 degrees, 
was inserted, its registering noted with the least possible loss of 
time and heat. About half a degree was added to the tempera- 
ture registered, an allowance which would make up for the 
unavoidable loss of heat during the testing. 

By the end of the first day, the average temperature of a 
fertile egg was as near as possible 97J degrees, a slight gain on 
an unfertile one, which varied little from the beginning to the 
end of the incubation period. This is for the white and yolk 
generally, although in all probability the germ itself, containing 
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life and being nearest the source of heat, would have been one 
or two degrees higher. On the third day the eggs showed an 
average temperature of 98J degrees, gradually increasing till 
they reached 102 degrees, about the end of the second week, at 
which they remained more or less stationary till about the 
eighteenth or nineteenth day, when there was another perceptible 
rise caused by the heat generated by the movements of the chick. 

The Animal Heat of the Embryo. 

Animal heat is formed by the chemical union of oxygen and 
carbon. The oxygen of the air inhaled into the lungs is carried 




A.L. 


coming from it. 


M.B. 


C.H. 


the cerebral hemisphere. 


H. 


F.B. 


the forebrain. 


W. 


E. 


the eye. 


N.C. 



This diagram shows the embryo enlarged 20 times, at the end 
of the fourth day. The amnion has been removed, the cut end 
of the somatic stalk being shown at S S, with the allantois 

the mid-brain. 
the heart, 
the wing, 
the noto-chord. 
the leg. 

by the corpuscles of the blood into the organs of the body, where, 
by uniting with the carbon of the waste or decayed tissues, car- 
bonic dioiide is produced. The latter is conveyed by the same 
corpuscles back to the lungs to be exhaled, and a fresh supply 
of oxygen is received. 

Wherever this chemical union takes place heat is generated in 
proportion to the activity of the chemical action and the quantity 
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of the necessary elements present. In an egg all the elements 
necessary for the development of the chick, except oxygen, are 
already present. Oxygen enters through the pores of the shell, 
and from the very first day oxidation takes place, although in 
the early stages of incubation probably very little oxygen is 
used, as the chemical action set up by the heat of the hen's body 
consists, at first, in the building up of the structures of the 
embryo, the breaking down or heat-generating process of 
burning not being perceptible. As a varnished egg with an 
impervious shell will proceed in its incubation for twelve or more 
hours, it is evident that little or no oxygen is used in the very 
early stages, or that the egg contains sufficient oxygen to start 
incubation. 

The germ is that vital part of the egg which has the power of 
taking up the nutriment material in the egg and of incorporating 
it in the building up of its own structure. The force expended 
in doing this is supplied mainly from the outside in the form of 
heat. As the circulatory system of the embryo develops, heat is 
produced also in the egg itself by the oxidation of its nutritive 
material, or, in other words, heat is produced by the chemical 
union of the carbon and hydrogen in the egg, with the oxj'gen 
from the air carried by the blood to all parts of the egg, carbon 
dioxide being formed in the first place and water in the second. 
Although internal heat, strictly speaking, begins to be generated 
from the very commencement of incubation, it is not until 
about the 11th or 12th day, by which time the structural develop- 
ment of the chick is fairly advanced, that it begins to assert 
itself. Towards the end of the incubation period this internal 
combustion is so great that a much less amount of added 
artificial heat is required in the incubator than was needed at 
the beginning. 

From the foregoing remarks it will be observed that it is 
inadvisable to attempt to incubate eggs of varying incubation 
stages together, because the eggs placed in the machine first will 
continue throughout the incubation period, with the same degree 
of added heat, a degree or two warmer than those put in last. If, 
for instance, the bulb of the thermometer is placed on one of the 
earlier eggs having considerable natural heat and the incubator 
adjusted to add sufficient artificial heat to keep this thermometer 
at 103 degrees, the eggs placed in the machine last, having little 
or no animal heat, would not receive sufficient added heat to 
raise them to the same 103 degrees, and they would, conse- 
quently, be underheated. If, on the contrary, the heat of the 
chamber were raised to keep the reading of the thermometer on 
one of the late eggs at 103, the older eggs would be receiving 
more artificial heat, added to the animal heat, than was neces- 
sary to raise them to the same 103 degrees, and would be found, 
by experiment, to be overheated by one or two degrees. For a 
short period this trifling deviation from the best temperature 
would not be serious, but prolonged it militates seriously against 
the highest measure of success. 
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Diagrams (Fig. 19, A to H, see Pages 40 — 43) Illustrating 
THE Development op the Amnion, Allantois, and Yolk 
Sac in Relation to the Embryo. 

In all the diagrams the same letters apply to the same parts. 

V.M. is the vitelline membrane, which in reality is in close 
contact with the yolk. 

E. indicates the embryo. 

A.M. the folds of the amnion. 

A.C. the cavity holding the amnion liquid. 

A.L. the allantois. 

Y. the yolk, or yolk sac. 

A. the alimentary canal. 

P. the pleuro- peritoneal space. 

A and B represent two sections of the same, viz., the longitu- 
dinal and the transverse. The folds of the amnion have spread 
over the top of the embryo till they nearly meet. In B the dark 
ring indicates the neural canal, below which is the noto-chord, 
shown by a black spot. 

C, a longitudinal section, shows the developing allantois, the 
hollow body of which is continuous with the alimentary canal 
and yolk sac. 

D, a transverse section, in which tlie amnion folds have 
coalesced above the body of the- embryo. In this diagram the 
allantois is omitted for the salie of simplicity. 

E shows the allantois spreading into the space outside the 
amnion. 

In F the yolk sac is seen reduced in size. 

G, a transverse section, shows the connection of the yolk sac, 
Y, by a stalk with the alimentary canal, A. 

In H the yolk is nearly absorbed. In the last three diagrams 
the allantois is omitted. 





Fig. 19. 
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Fig. 19. 




Fig. 20 shows the parts of the embryo in greater detail, on the 
3rd day. It is enlarged about 26 times. 

H. the heart. 

C.H. the cerebral hemisphere. 

F.B. the forebrain. 

E. the eye. 

M.B. the mid-brain. 

H.B. the hind-brain. 

O.V. the otic vesicle. 

B.A. the bulbous arteriosus. 

A. the aorta. 

O.A.F. the outer amniotic fold. 

I.A.F. the inner or true amniotic fold. 

V.V. vitelline veins. 

V. A. vitelline arteries. 

N.C. noto-chord. 
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Temperature of Air in Incubator to keep E!g{(s 
at proper Heat. 

It is necessary for successful artificial incubation that the 
eggs be kept as near as possible at the temperature at which 
they are kept, during the various stages, by the hen. The 
reading of the thermometer placed on a fertile egg gives the 
temperature of the air, and does not necessarily register the 
correct temperature of the egg itself, the latter being in the 
earlier stages always from one to two degrees lower, and in the 
later stages the difference gradually diminishes till, in some 
cases, the temperature of the egg is even slightly higher than 
the air above it. 

In natural incubation the incubating body keeps fairly 
constant, whereas the varying temperature of the outside 
atmosphere, and consequently the correspondingly varying 
temperature at which it is necessary to have the source of heat 
in an incubator in order that the thermometer may register 103 
degrees, cause a wider variation between the air temperature and 
the correct egg temperature than is the case under the hen. Ex- 
periment proves, for instance, that in cold weather, when the heat 
in the incubator tank is necessarily high in order to keep the egg 
chamber at 103 degrees, the heat of the embryo will be 1 J or 
2 degrees lower in the early stages than the air above it. In 
hot weather, on tb.e contrary, when the heat in the tank is lowest, 
the temperature of the air immediately above the eggs being 
still 103 degrees, the eggs will be J to 1|^ degrees lower only. 

As before shown, also, the more advanced the eggs in incuba- 
tion the less variation between the temperature of the egg and 
air immediately above, owing to increasing animal heat, these 
one, two, or more degrees being absorbed or cm^umed, as it 
were, by the embryo in structural development . aterowth made 
or work done means force or heat expended, in th^fcme manner 
as it is absorbed in converting ice into water o* water into 
vapour. Ice at 32 degrees Fah. requires heat to ^ansform it 
into water also at 32 degrees, the heat which disappears or is 
lost to thermometric measurement being equivalentito the work 
done. In the later stages of incubation this loss is gradually 
made up by the increasing internal animal heat generated in 
the shell till the two temperatures (that of the egg and the air 
above it) approximate. 

It will be evident therefore that to secure the best results the 
temperature of air above the eggs should not be quite the same 
for all conditions of outside atmosphere and for all stages of 
incubation. 

The temperatures to keep the germ of the egg at the heat at 
which the hen keeps it might be summarised for approximate 
guidance as follows. These temperatures are based on the 
supposition that the eggs do not receive excessive or prolonged 
cooling, and that incubation is continued without check. A 
good sitter does not often leave her nest nor stay away very 
long when she does leave, especially in cold weather. Whea 
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she returns the eggs are soon brought back to the proper 
temperature by close contact to the source of heat, whereas in an 
incubator a considerable time is taken up in heating a large 
volume of air and in bringing the heat down to the eggs. These 
facts render it advisable that a slightly higher heat should be 
given throughout the term of incubation, making the best 
temperature in cold weather 104 degrees, and in warm weather 
103 J or 103 degrees for the three weeks. 



Natural temperature of germ as 
kept by the hen 

Reading of thermometer placed" 
on a fertile egg and register- 
ing temperature of air above j 
eggs. In cold weather. j 

Reading of thermometer and"] 
temperature to adjust incu- - 
bator for cold weather. 


1st week. 
101 

2 degrees 

higher than 

the germ 

103 


2nd week. 
102 

1 degree 

higher than 

the germ 

103 


3rd week. 
103 

degree 

higher than 

the germ 

103 


Add one degree for reasons 1 
above stated. / 


104 


104 


104 


Natural Temperature of germ ... 

Reading of thermometer regis- 'j 
tering air of egg chamber. - 
In hot weather. J 

Reading of thermometer and"! 
temperature to adjust incu- j~ 
bator for hot weather. J 


1st week. 
101 

IJ degrees 

higher 
than germ 

102i 


2nd week. 
102 

i degree 
higher 

than germ 

1024 


3rd week. 
103 

4 degree 

lower 

than germ 

1024 


Add one degree for reasons 1 
stated above. J 


103i 


1034 


1034 



As it is not an easy matter to decide at what temperature hot 
or cold weather begins or ends, the following general rule might 
be followed with advantage: — 

Temperature of room, 30, 40, 50, 60, 70 or over degrees. 
Temperature in incubator should be adjusted to work at 
105, 104J, 104, 103J, 103 degrees. 
The most favourable temperature for the room is between 50 
and 60 degrees. 

It is a safe plan, as a rule, to adjust the temperature at the 
start a little too low rather than too high, and gradually raiso 
it to the required temperature, as too high a heat, if prolonged, 
is especially fatal in the earlier stages. After the first twelve 
or fourteen days the structural development of the embryo is so 



advanced that it is able, to a limited extent, to dispose of 
surplus heat in the same manner that it does after it is hatched ; 
near hatching any reasonable excess of heat can be borne for a 
short time without fatal results. 

The best Temperature at which to work Incubator. 

In deciding the best temperature to operate an incubator 
records of the temperature of the body of a sitting fowl are the 
only guide. These records have been taken on many occasions, 
and vary from 103 to 105 in the centre of the nest, according 
to the condition of the bird and the location of the nest. The 
heat also varies as much as 3 degrees from the centre to the out- 
side. Also, the upper part of the egg in contact with the hen's 
body is always 1 or 2 degrees lower than the hen's body. 

Taking therefore the average temperature of the fowl's body at 
104 degrees, which heat keeps the upper surface of the eggs at 
about 102 or 103 degrees, the latter temperature would appear 
to be the best for an incubator. As a rule, the temperature for 
the first week should be 102 to 103 degrees, with the bulb on a 
level with the germ, that is, about level with the tops of the eggs, 
and for the second and third weeks 103 to 104 degrees. If any 
deviation is made from these the temperature may be slightly 
higher in very cold weather and lower in very warm weather. 

If the heat is too high the chicks will hatch out on the 19tli 
day, and if too low, on the 22nd day. In neither case, however, 
are the chicks as vigorous as when hatched in a normal manner 
on the 20th or 21st day. 

The bulb of the thermometer should rest as above, that is, 
about IJ to If inches from the bottom of the egg tray, and if 
touching an egg it should be a fertile one, there being a diSer- 
ence of one to three degrees in the registering between a dead 
egg and one, say, just ready for hatching, and a considerable 
variation between the readings of a thermometer placed on a 
fertile egg and an inch or more above or below the top of it. 
In practice, when not convenient to distinguish between live and 
dead eggs, let the bulb be placed just clear above the eggs. 

Ventilation and Humidity under the Hen. 

Although a; free interchange of gases or good ventilation is an 
absolute necessity for the development of the embryo, there 
should be nothing approaching a continuous air current to 
attain this end. Under a sitting hen the diffusion of fresh air 
inwards near the bottom of the nest, and of heated air charged 
with carbonic dioxide and some moisture outwards on the tops 
of the eggs, is imperceptibly gradual, the air being impeded in 
its passage by the down and feathers. 

Moving air, even of the same degree of humidity, absorbs more 
moisture than air in a state of quiescence. If the air under a 
hen circulated, or moved as rapidly as it is permitted to do 
in some incubators, the water in the egg, which forms such a 
large proportion of the total weight of the chick, would be too 
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rapidly evaporated and the circulation of the blood of the 
embryo would become sluggish and eventually cease. 

The air around the eggs in the nest does not exercise this 
drying effect, and is kept sufficiently humid from another cause. 
The cold air from outside comes into the nest charged with an 
amount of moisture varying in accordance with the state of the 
outside atmosphere. As it becomes heated its capacity for hold- 
ing moisture is gradually increased. It consequently absorbs 
the water given off by the eggs. Having reached its maximum 
heat it commences its outward journey through the feathers, 
gradually cooling by coming in contact with the incoming air. 
In this gradual outward diffusion it not only loses its warmth, 
but with it also its capacity for retaining all the moisture with 
which it was charged when at its maximum temperature. Thus 
by simple diffusion the incoming air receives moisture from the 
outgoing air, the latter leaving the nest with only a small 
increase of heat and humidity from what it had when it entered 
the nest. The comparatively small amount of moisture leaving 
the nest only approximately keeps pace with the natural exhala- 
tions of the egg as the chick develops, no water being forced 
from the egg by either dryness, currents, or undue heat. 

Whatever the humidity of the outer atmosphere may be, that 
in the nest will always be somewhat higher because of its greater 
heat and comparative quiescence and consequent greater 
capacity for retaining the constant exhalations of moisture from 
the eggs and ground, etc. Therefore, as the air leaves the nest 
a little moister than it entered, the humidity of the nest will 
vary as the outside air varies. One conclusion, which is toler- 
ably certain, is that the eggs need to absorb no water from the 
outside. As before stated, the egg contains all that it requires 
to build up the chick except oxygen. What the embryo, how- 
ever, does demand is that its moisture shall not be abstracted 
from it, but that it shall be left to the egg itself to send out 
the water as the growth of the chick necessitates. 

Moreover, as this exhaled moisture retained in the nest is 
sufficient without the assistance of outside supplies, and as it 
is always present independent of the dryness or moistness of the 
outside air, or the dampness or dryness of the location of the 
nest, a little consideration will make it evident that in natural 
incubation these two latter considerations, provided they are 
not extreme, do not affect the hatching. Eggs hatch as well 
(other conditions being equal) incubated in a reasonably dry 
or damp nest, if not so damp as to create a constant chilling 
process on the under surface by the abstraction of the heat of 
the eggs in evaporating the moisture, or in a moderately dry or 
damp atmosphere, the ordinary changes in the degree of atmos- 
pheric humidity not noticeably affecting the results. 

Solvent power of Water charged nirith Carbonic Dioxide. 

Moisture has, in conjunction with carbonic dioxide, another 
important duty to perform in addition to that of keeping the 
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air sufficiently moist to prevent undue evaporation. The calcic 
carbonate, or carbonate of lime, of which the shell is composed, 
would be too hard for the chick to extricate itself if, during the- 
three weeks' incubation, it did not undergo chemical changes to 
break up, or disintegrate the arrangement of its particles, and 
thus render the shell more easily broken. Pure water would 
not do this, but when containing carbonic dioxide in solution. 
its solvent power is greatly increased, an'd being prevented by 
the feathers from being too rapidly carried, away, it has time tO' 
do its disintegrating work on the shell before leaving. ^ 




Fig. 21 represents the embryo enlarged 13 times, on the 6th day. 

A L shows where the allantois has been cut away ; Y S, the 
stalk of the yolk sac, which has also been removed; and A M, 
where the amnion has been cut away. These three, forming the 
umbilical cord, U B, give an idea of the connection of the embryo 
with the remainder of the contents of the egg. 

M.B. the mid-brain. L. legs. 

C.H. the cerebral hemisphere. T. tail. 

W. wings. 

Iiaws of BvapoFation. 

To make clear the remarks on the ventilation and moisture 
supply of incubators a brief explanation of the subject of 
evaporation may be given. Watery vapour is always present 
in the atmosphere existing in an impalpable transparent gas; 
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Fig. 22. — This drawing, enlarged about 4 or 5 times the natural 
size, shows the embryo on the 9th day. 
U.B. umbilical cord. 

Even the driest air of the desert contains a small amount. The 
process of evaporation is constantly going on, but the amount 
varies greatly with circumstances being dependent upon (1) the 
temperature of the air, (2) the amount of moisture already in 
the air, and (3) the rate of movement of the air. 

The higher the temperature the greater the capacity the air 
has for holding vapour in solution, there being for every degree 
of temperature a definite quantity that can be held in invisible 
suspension, on reaching which state the air is said to be 
saturated, and if further moisture were added the surplus would 
become condensed in a visible form. For instance, air at 50 
degrees, charged to its point of saturation, will contain less 
moisture than saturated air at 80 degrees. The nearer the air 
at any temperature approaches its point of saturation, the 
slower does evaporation proceed, and, on the contrary, the 
further from its saturation point the more rapidly will it take 
up additional moisture. 

The warm air of summer has a larger capacity for holding 
moisture than the cold air of winter, but if the former is moist 
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and already charged almost to its saturation point, evaporation 
will proceed more slowly than in the cold dry air of winter. 
If we represent the moisture in the air, or in other words the 
aqueous tension of the air, at freezing point (32 degrees) by 1, 
and the amount of vapour the same air is capable of holding 
when saturated, by 4, its evaporating or drying capacity might 
be represented by 3. Likewise if we represent the moisture 
capacity at saturation point of air at 90 degrees by 20, and 
the aqueous tension or actual amount of moisture in solution, 
by 19, its drying capacity is only 1, that is, the warm air has 
less evaporating capacity than the air at freezing point. 

The amount of evaporation is also influenced by the rate of 
movement of the air. Quiescent air soon becomes charged with 
moisture to the extent of its capacity, and further evaporation 
is checked. If, however, a current is set up, the saturated air 
is carried away, and being continually replaced by fresh dry air, 
evaporation continues uninterruptedly, and at a speed in pro- 
portion to the rapidity of the air current. 

Evaporation is not only a drying but a chilling process. In 
the passage of water into vapour heat is rendered latent, or, in 




Fig. 23, the embryo on the 13th day. y 



52 

other words, disappears or is lost to thermometrio measurement, 
in the change from one state to the other, and, so to speak, cold 
is produced. 

Heat and its properties — Conduction, Conirection,. 
Radiation. 

What heat is is not known, but the accepted theory is that 
it is a force in the form of vibrations in the molecules of matter,. 
the quicker the vibrations the greater the heat, and vice versa. 
These heat vibrations may be transmitted from one body to 
another, and tend to diffuse equally among bodies of different 
temperatures, the quicker vibrations of a higher heat tending 
to impart their own rate of movement to a body at a lower 
temperature, and in so doing retard or lessen the velocity of 
their own. 

Heat may be transmitted either by conduction, convection, or 
radiation. 

In conduction the vibrations are transmitted from one mole- 
cule to the next in actual contact, as in the way heat passes. 
along a rod of iron when one end is placed in the fire.. 




Fig. 24, the embryo on the 19th day. The yolk sac is shown 
still attached by the umbilical cord. 
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By convection, which applies only to gases and liquids, heat is 
bodily conveyed from one place to another, generally a higher 
place, a cooler volume of gas or liquid taking its place, resulting 
in a circulation of heat, as when water is boiled on the fire, the 
hot water rises in oile place and the cooler water descends in 
another. 

Eadiation is the transmission of heat from one body to 
another by means of the heat vibrations in the intervening body. 
This heat travels only in straight lines as in the case of warmth 
radiated through the intervening air from a fire. 

Differences in Oondilctivity. " 

The more solid the body, or, in other words, the closer the 
:atoms, the more readily are the molecular heat vibrations trans- 
mitted. On the contrary, the looser and more porous a body 
the less its powers of conduction. The latter substances are 
termed, generally, bad or non-conductors, though strictly speak- 
ing no material is entirely non-conducting. All liquids and 
gases possess small conducting qualities. If, for example, boiling 
oil is poured gently on the top of a vessel of water, the heat will 
make its way to the bottom extremely slowly. For this reason 
incubator tanks are heated by convection. In hot-air 
incubators, the heat going in at the top is not conducted or 
even radiated down to the eggs, but is carried downward by 
convection through the pressure of more highly-heated air above. 
The advantage, for the purpose of packing incubators, etc., 
possessed by such substances as fur, wool, wadding, etc., is that 
they do not possess the necessary continuous line of atoms in 
contact along which to transmit these molecular vibrations. 
There is alternately a solid and an air space, and the air being 
a bad conductor, the vibrations are checked or resisted in their 
course. 

In using packing between the double case of an incubator for 
the purpose of conserving the heat, it may be noted that pressing 
it too closely by lessening the air spaces and making it partake 
too much of the nature of a solid diminishes its value as a barrier 
to the passage of heat. On the contrary, air, although a bad 
conductor, is_a good conveyer of heat, and if the packing is 
too loose, by leaving too much air space, heat is rapidly carried 
or diffused by little currents through the packing. The ideal 
packing should be so porous as to destroy its conductive qualities 
and at the same time sufficiently close or solid in texture as to 
leave no play for convection or diffusion of heat. In some 
incubators an attempt is made to effect this by having several 
layers, alternately one of highly porous material practically 
non-conducting but permitting some convection, and the next of 
coarse straw-board impervious to convection but more con- 
ductive. 
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CHAPTER VI. * 

DISTRIBUTION OF HEAT AND VENTILATION 
IN INCUBATORS. 

When a gaseous or liquid body is heated at the bottom to a 
temperature higher than that of the gas or liquid above it, it 
becomes by expansion of less density and rises to the surface, the 
colder and therefore heavier air or liquid falling to take its 
place. In a hot-water incubator, however, the air is warmed by 
contact with the heated tank above. This heated air becomes 
lighter than the air below and cannot descend to the eggs, but 
remains floating on the top buoyed up by the denser air below, 
and can impart its heat only by radiation to the air on a level 
with the eggs. Owing to the mobility and rarity of gaseous 
bodies heat is more readily transmitted downward by this radia- 
tion than by the extremely slow process of conduction, though 
not so quickly as by convection in the case of hot-air incubators 
with descending ventilation. 

We will now consider the subject of the equalization of heat 
over the comparatively large area of the egg chamber. In many 
machines the temperature, if tested by thermometers in various 
parts, would be found to vary several degrees. 

The eggs in natural incubation are not kept at a uniform 
temperature, those in the middle of the nest being from one to 
three degrees warmer than those near the edge, but it would 
be very unwise to copy nature in this respect. 

In an incubator the under surface of the heating body cannot 
,be kept at an even temperature in every part. If the tank, 
hot-air reservoir, or volume could be kept uniform at the 
requisite temperature and the eggs placed in contact with it, 
as in nature's method, the central ones, especially if the number 
of eggs were large and after they had begun to generate animal 
heat in themselves, would get overheated by many degrees owing 
to receiving less ventilation than the outer eggs through the 
obstruction to the inflow and outflow of air by the surrounding 
eggs. The same remark would apply to eggs under a hen, which 
would not hatch as high a percentage if the number were, say, 
one hundred, as in an incubator, instead of about thirteen. In 
artificial incubation ample air above the eggs is essential to 
counteract this danger of overheating, or under-ventilating 
the centre eggs, and tends, by its mobility, to dis- 
tribute and equalise the heat over all the eggs. Many experi- 
mental incubators have been constructed in which the eggs were 
pressed against the source of heat, as under the hen, but, where 
the number of eggs was large, with very limited success. In 
incubators with ascending ventilation this even distribution of 
heat on the level of the tops of the eggs is less perfect than with 
descending ventilation, in which the air arranges itself in layers 
of,, even density and heat, with less danger of rising or falling 
,j«ilTrents than with ascending ventilation. 
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Further, so long as a perfect non-conductor of heat does not 
exist, no matter what material is used for packing, or how thick 
the walls are made, the sides of the incubator will always absorb 
some heat, and as a consequence the eggs near them, if on the 
same level as the centre eggs, will always be in a perceptibly 
lower temperature than those nearer the middle. The corners 
will have a lower temperature still, because not only is there the 
loss of heat by the absorption of extra wall surface, but in 
addition, although heat is radiated in straight lines from the 
heated source above, the heated air itself, which acts as a heat- 
equalising agent, moves more or less in eddies or circles, and the 
corners are consequently missed. Round incubators would over- 
come this fault, but the shape is inconvenient in other respects, 
unless made of metal, of which material there are more than one, 
and at least one round American one in wood. Moreover, metal 
is only suitable for small sizes, as it requires so much packing 
to overcome the absorption of heat by the metal sides. 

Many devices are adopted to render the heat near the sides 
of the egg-chamber as near as possible equal to that in the centre. 
In m.any incubators the egg-tray is dished or hollowed, as in the 
natural nest, which brings the outer eggs nearer to the source 
of heat and partly counterbalances the loss of heat by the absorp- 
tion of the walls. 

In another incubator the under surface of the tank is higher 
in the centre than at the sides, and as in this case the egg-tray 
is level, the same object of getting the central eggs further from 
the heat is effected as by dishing the tray. 

Then supposing both bottom of tank and egg-tray are level, 
the sides of the latter may be kept nearer the temperature of the 
centre by placing the heating flues through the tank in such a 
way as to heat the sides of the tank to a higher de'gree than the 
centre. 

In hot-air incubators the hot air is liberated from a tube near 
the centre of the top, below which is placed a sheet of straw- 
board, etc., leaving a few inches all round between the straw- 
board and the walls which necessitates the hot air descending 
round the four sides instead of in the middle before it is again 
distributed by diffusion through a layer of felt into the egg- 
chamber proper. 

None of these four devices is so effective in equalising the heat 
as well-made non-conducting walls with draught-proof door. 
If the hot air in the incubator is banked up with such walls the 
heat will be sufficiently even for all practical purposes and quite 
as uniform as it is under the hen. 

Circulation and Respiration. 

As the essential object of ventilation is the supplying of pure 
air for the purpose of aerating the blood, a brief description 
of its circulation may make subsequent observations clearer. 
By the rythmic contraction of the muscular walls of the heart 
the blood is driven out of its cavities into the arteries, which 
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divide and sub-divide into minute capillaries which find their 
way into «very part of the body. From the capillaries the 
venous or impure blood is collected into veins and conveyed back 
to the heart. Nutritive matter is absorbed through the delicate 
walls of the capillaries surrounding the alimentary or digestive 
tract into the blood, by which it is carried to all parts of the 
body to build up and repair its organs and tissues. From these 
organs the blood returns charged with waste products in the 
form of carbonic dioxide, water, and organic impurities to the 
lungs, skin, and kidneys. From the lungs carbonic dioxide and 
water are exhaled and the blood is again aerated by fresh 
supplies of oxygen. 

Respiration consists simply of the absorption of oxygen and 
the exhalation of carbonic dioxide and water. Oxygen, carried 
by the corpuscles of the blood, unites with the carbon and 
hydrogen of the waste and decaying tissues, forming by the first 
combination the above-mentioned carbonic dioxide, C O^, and 
by the second water. The C 0^ in the impure blood is given up 
to the air in the lungs, or in the case of the embryo chick to the 
outer air through the shell, in obedience to the law of the 
diffusion of gases, which briefly explained is as follows : — 

Diffusion of Gases. 

It is well known that liquids of varying densities or specific, 
gravities, when poured together into a vessel, will arrange them- 
selves in the order of their densities, the heaviest subsiding 
to the bottom and the lightest floating on the top. Gases, how- 
ever, do not follow this law. If several gases are mixed 
together, as in the case of the oxj^gen, nitrogen, and carbon 
dioxide of the atmosphere, each gas, irrespective of its density, 
diffuses itself uniformly through space, or, in other words, 
behaves as if no other gas were present. The gas chlorine is 
thirty-six times heavier than hydrogen, but if equal volumes of 
these are placed together, say, in two bottles joined together at 
the neck, chlorine in the lower and hydrogen in the higher, in 
a few hours it would be found that the two gases were perfectly 
mixed. Moreover, the more widely the densities differ the 
quicker is this uniform diffusion effected. 

Therefore, the less pure the blood is in the lungs or the more 
it is charged with carbon dioxide and the purer the inhaled air, 
the more rapid will be the exchange of the carbon dioxide into 
the air cells to he exhaled and of oxygen into the blood, or, in 
other words, the more rapidh- will the carbonic dioxide be 
eliminated. 

The more carbonic dioxide there is in the inhaled air the less 
will be required to be given up by the blood to render the 
diffusion uniform and an exactly equal amount of oxygen 
will be taken into the blood in exchange. Therefore, althougn 
this gas may not be in itself directly poL-ionons, it certainly 
becomes indirectly so when through its excess in the inhaled air 
a reduced quantity of vitalizing oxygen is taken in. 
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In the vegetable kingdom the chemical action is reversed. 
Plants under the action of sunlight decompose the carbonic 
dioxide (C O3), absorbing the carbon and liberating the oxygen. 
This and the tendency of injurious gases to diffuse away and 
to become rapidly weakened, and the action of rain in absorbing 
and washing down impurities, tend to keep tlie atmosphere pure 
and fit for respiration. 



Moisture and Ventilation in Incubators in Summer 
and Winter. 

Experience proves that in incubators with ventilation from 
below to above the eggs an artificial supply of moisture is neces- 
sary. The egg contains all the water necessary for the chick's 
development within itself, the object in surrounding the eggs 
with a humid atmosphere being to prevent its dissipation by 
undue evaporation. 

Another highly important function performed by moisture 
is that of absorbing the liberated carbonic dioxide. At 
ordinary temperatures water will absorb its own volume of this 
gas. In summer more moisture is found to be advisable in 
incubators than in winter, and this is sometimes erroneously 
attributed to the supposed greater ■ dryness of the air, whereas 
the atmosphere in summer generally contains much more 
moisture than in winter. By way of illustration, suppose the 
temperature of the summer air to be 70 degrees Fah., having a 
moisture capacity of, say, 10. Entering the incubator this air 
is raised to 104 degrees, capable of holding, say, 20 degrees of 
moisture. Its drying capacity may therefore be represented by 
the difference between 10 and 20, that is by 10. Now take the 
air of winter at a temperature of, say, 35 degrees Fah., with a 
capacity for holding moisture of, say, only 1 degree. This air 
is also raised in the incubator to 104 degrees, with an absorbent 
capacity of 20 as before, its drying effect would thus be 19, or 
nearly twice as dry as the summer air. It is evident, therefore, 
that the extra artificial moisture required in suminer, which is 
proved b}- experience to be beneficial in some types of incubators, 
is not necessitated b}- the dryness of the warmer air. The 
probable cause is that in summer by the greater sluggishness 
with which the air is changed in the incubator, or the compara- 
tive slowness of ventilation owing to the density of the outer air 
approaching more nearly that of the inner air, the carbonic 
dioxide not being carried away as quickly, accumulates more 
rapidly and requires more water to absorb it and to free the 
air of its narcotic presence. The amount of air passing through 
an incubator with bottom to top ventilation is regulated, 1st, 
by the total area of the outlet ventilation, and, 2nd, by the 
difference in density (which is dependent on the temperatures) 
between the inner air at 104 degrees and the outer air. It will 
be obvious, therefore, inasmuch as the outlet ventilating holes 
remain the same for hot and cold weather, that the passage of 
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air through the incubator must vary greatly, and if it is about 
correct for cold weather it will be too sluggish for warm weather. 
The different aspects of the subject of fresh air and moisture 
supply may be thus summarised: — 

(1) In summer the passage of air through an incubator with 
either ascending or descending ventilation is more sluggish than 
in winter, the percentage of carbon dioxide in the egg-chamber 
increases, which is indirectly injurious in proportion to the 
amount of oxygen it displaces. As the development of the 
embryo depends upon its supply of oxygen from without 
(moisture and every other element required existing within the 
egg), any curtailment of this vitalizing element will check or 
retard it. In other words, the rate at which the chemical and 
physical changes in the egg take place is regulated, within 
limits, by the amount of oxygen (and warmth) supplied. If 
development is too slow, owing to sluggish ventilation, the size 
of the air cell will be, at a given stage, too small, as normally 
the embryo contracts in the shell at a uniform rate till about 
the day iefore hatching. By adding artificial moisture the 
carbon dioxide is absorbed, oxygen takes its place, the growth 
of the chick is accelerated, and the air cell enlarges. 

(2) But it will be said, as the ventilation is decreased, the 
humidity in the egg-chamber is increased, inasmuch as the more 
rapid the air current, the more drying in its effect it is, and 
that this extra humidity should, by absorbing the carbon 
dioxide, make up for the slower exchange of air. A little con- 
sideration, however, will show that the extra humidity, 
resulting from slow ventilation, is got by the moisture lingering 
longer in the machine and becoming gradually charged with 
carbon dioxide. The sluggish ventilation, although allowing the 
moisture, saturated with carbon dioxide, to dwell in the 
incubator, does not permit it to leave it quick enough. By 
adding artificial moisture more carbon dioxide is absorbed and 
carried out, and the air is made purer, but at the. risk of render- 
ing the air so damp that the egg cannot eliminate its moisture 
during its development, and may even absorb some, thereby 
causing the chick to occupy too much apace in the shell, as shown 
by too small an air cell. The remedy, therefore, in this case, 
is to increase the ventilation, which, briefly stated, acts thus: 
more fresh air, quicker outflow of carbon dioxide and replace- 
ment by oxygen, egg-chamber prevented from becoming too 
humid, structural growth of chick quickened, and air cell 
enlarged. The increased air current, being warm, will not chill 
the eggs. 

(3) In winter less artificial moisture is needed, because, owing 
to the density of the outer air, the inner air is changed, the 
carbon dioxide carried away and replaced by oxygen more 
rapidly (for the same reason that a fire burns more brightly in 
cold weather than in warm), development of the embryo 
hastened, and the air cell enlarged. 

That eggs in an incubator or under hen lose moisture by 
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evaporation is shown by their loss of weight during incubation, 
which varies from about 10 to 20 per cent, of their weight, that 
is, an egg may lose from one-tenth to one-fifth of its weight with- 
out the hatch being noticeably interfered with. If, however, 
the egg-chamber is kept in a highly humid state checking natural 
evaporation till it falls, say, below 10 per cent., the allantois 
circulation, alluded to in another chapter, is too prolonged, 
the blood not being withdrawn into the embryo, and the chick is 
crippled or dies, possibly of suffocation, from failure to make 
its exit at the proper time. 

Too dry an atmosphere, on the contrary, i.e., when the egg 
loses over 20'per*ce'nt. of- its i weight, dries upv.dr ider.anges the 
allantois circulation, respiration or -the supply of oxygen by this 
means is cut ofi before the lungs are ready to assume this 
function and the chick dies. 

The above percentages 'are only given as illustrative of the 
fact that the humidity in the egg-chamber may vary, and with it 
the drying down of the eggs, between the above reasonable limits 
without affecting the hatch. Wider extremes of dryness or 
humidity have been proved to be injurious or fatal. The 
evaporation from the egg should be so controlled by the humidity 
of the egg-chamber that the egg does not lose more than 20 per 
cent, of its weight during incubation, nor less than 10 per cent., 
probably the nearer to 15, the mean of the two, the better. 

Care must be taken not to confuse the growth of the structures 
of the chick, which proceeds at a rate dependent entirely, within 
reasonable limits, on the warmth to which it is subjected (outside 
moisture not affecting it) with the space the embryo occupies in 
the shell. For instance, take two equally well-fertilized eggs on, 
say, the 15th day of incubation, both having been subjected to 
the same temperature of 103 degrees, but one egg having been 
all the time surrounded by vapour-saturated air, and the other 
by dry air. The structural development of both embryos would 
probably be about equal, but in the former case the chick would 
be, owing to the more watery nature of the yolk, organs, and 
tissues, much larger and the air cell much smaller than in the 
latter case. Probably neither chick would hatch out, the dele- 
terious effects of too much dryness in one case and too much 
moisture in the other proving fatal, the fact becoming apparent 
only at hatching-time by "dead in shell." 

About the 18th or 19th day of incubation the membranous 
covering of the chick is broken, the inmate thereby gaining 
better access to the outer air, commences gradually to use its 
lungs, the circulation within the lining membrane becomes more 
and more sluggish and ultimately dries up. While too much 
evaporation of the egg's moisture is generally fatal, the use of 
artificial moisture, on the contrary, Ijy prolonging Unduly the 
drying up of the vessels in the lining membrane after the com- 
mencement of the pulmonary circulation, will so interfere with 
the vital functions as to cause death. If the heat of the 
incubator remains constant, structural development will, on the 
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average, proceed at the proper rate, the air cell increasing in 
size at a corresponding rate. The size of the latter, therefore, 
shows whether too much or too little moisture is being given. A 
little allowance, however, may be made for the fact that the air 
cells of old and thin-shelled eggs are somewhat larger than those 
of perfectly fresh or brown thick-shelled eggs. As the amount 
of moisture or the drying power of the air depends largely on 
the ventilation, the humidity can be regulated either by adding 
or reducing the artificial supply of moisture in incubators with 
ascending ventilation or by lessening or increasing the outlet 
ventilation in any type of incubator. 

In natural incubation the eggs are not dependent upon any 
outside supplies of moisture to obviate the danger of undue 
evaporation, as they hatch equally well in reasonably dry or 
damp locations, or in any of the varying degrees of atmospheric 
humidity, but in artificial incubation the case is different. If 
half-a-dozen eggs containing live chicks within about a day of 
hatching are taken from under a sitting hen, and half-a-dozen 
similar eggS be taken from an incubator and placed in warm 
water, it will be noticed that on the incubator eggs small bubbles 
will immediately form on the submerged portions of the eggs, 
and as these bubbles rise to the surface the eggs sink, whereas 
on the naturally incubated eggs no such bubbles form. This 
difference in behaviour is easily explained. The latter eggs 
become coated in the nest with an oily secretion, giving them a 
glazed appearance, which, though penetrable sufficiently to air, 
for incubation purposes render the eggs much less porous and 
so checks the diffusion of moisture through the shell either 
inward or outward. The incubator eggs have not this oily 
protection, and, being more porous, the water enters and pushes 
out the bubbles of air. If it were possible to find a hen that 
could sit three weeks on its eggs without giving them this oily 
coating, that is, if it were possible to keep them in the same 
porous condition of incubator eggs, it is probable that very 
indifferent hatching success would be the result, as the eggs 
would be far more at the mercy of the possibly uncongenial 
humidity of the location of the nest and of the atmosphere than 
is the case in nature. As we do not know how this natural 
method of checking evaporation could be applied to artificial 
incubation, the only means we have of effecting the same purpose 
is either by ventilating by diffusion, by which the outgoing air 
leaves most of its humidity behind or imparts it to the ingoing 
less humid air, as in the so-called non-moisture incubators, or 
as in the case of hot-water machines, charging the air with 
moisture sufficiently to deprive it of its too absorbent capacity. 

Ventilation in Incubators. 

As we have before stated in natural incubation, as the heated 
air leaves the nest it parts with much of its heat and moisture 
to the incoming cool air, thus carrying away a minimum amount 
of vapour, only as much, in fact, as keeps pace with the amount 
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thrown off by the eggs and the body of the sitter, the air in the 
nest being always, therefore, slightly moister than the outer 
air. In some incubators on the market a fairly practical and 
successful attempt has been made to copy nature in this respect, 
and a degree of humidity a little in excess of the outer air is 
maintained. The following is a brief review of the methods of 
ventilation at present in use. 

Bottom to Top Ventilation. 

Take first the case of an incubator in which the fresh air passes 
from an entrance under the eggs to outlets above. The fresh air 
enters at a temperature of, say, 50 degrees, passes over the 
water-pan in the bottom of the incubator at, say, 80 degrees or 
less, and becomes charged to saturation at that temperature. 
As it rises in the machine the temperature rises to 104 degrees, 
and with it its moisture absorbing capacity is increased, a more 
or less drying effect being thereby exercised on the eggs, 
especially if the incoming air is not fully saturated in its passage 
over the water-pans, or if the air passes rapidly through the 
machine, as is the case when the outer temperature is very low 
and the outer air consequently of considerably higlier density 
than the internal air. 

If, however, the fresh air is saturated at 80 or 90 degrees, 
although it may have, when raised to 104 degrees, capacity to 
absorb more moisture, it will be sufficiently humid with the 
assistance of the moisture given off by the eggs not to unduly 
dry down the eggs and will coincide very nearly with nature 
as regards humidity, especially as the air movement through the 
incubator will be, in this case, as slow and gradual as through 
the feathers of a sitting hen. 

The passages or circulation of air through an incubator venti- 
lated from below to above the eggs is more rapid, for a given 
amount of outlet, than in incubators in which the fresh air 
enters above the eggs. The colder and therefore the denser the 
outer atmosphere, the quicker will the replacement of air in the 
machine take place, and as evaporation depends as much upon 
the rate at which the air moves as upon its humidity and 
temperature, it is therefore evident that the colder the outer 
air the more danger there is of the drying of the eggs proceeding 
too rapidly, which is tantamount to saying that with a given 
amount of outlet the humidity of the inner air varies with the 
outside temperature to a greater extent with this method of 
ventilation than when the air is admitted above the eggs. 

Under a sitting hen the humidity varies with both outside 
temperature aud outside humidity, but in artificial incubation 
this fluctuation militates against the greatest measure of success 
for reasons stated in the chapter on "Moisture," namely, that 
the naturally incubated eggs receive a slightly oily coating, 
rendering them less porous and therefore less susceptible to out- 
side conditions than incubator eggs. 
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As the quantity of air passing through an incubator is 
regulated by the total afea of the outlets without regard to 
inlets, in cold weather some of the former should be closed. 

Top to Bottom Ventilation. 

In some incubators the fresh air enters the chamber above the 
eggs. It descends gradually to the eggs and is drawn out below 
through one or more exits, or merely diffuses out through a 
porous incubator bottom, being forced downward by the pressure 
of the incoming heated air above. It is easy to see that by this 
method the passage of air through the incubator will be less 
rapid, and there will be no perceptible currents, but there is 
greater danger of the purity of the air being impaired by a too 
sluggish change of air. 

If a water tray is placed above the eggs, though in this type of 
so-called non-moisture incubator this is not generally considered 
necessary except under special conditions, the incoming air may 
become charged with moisture to saturation at a high tempera- 
ture at the top of the incubator, and as it descends and cools 
its moisture capacity is diminished, its moisture becomes con- 
densed into a visible form which would be as deleterious as too 
great a dryness, as the eggs would be prevented from giving ofi 
the moisture necessary during the development of the chick. 

As the incoming air will vary in humidity according to the 
locality and the weather, and with these varying conditions the 
amount of added moisture for best results will also vary, there- 
fore, if possible, each incubator user should find out for himself, 
by experiment, how much moisture to add according to his 
circumstances and the season, to charge the air with a degree 
of humidity a little short of the amount that would cause con- 
densation. The amount of evaporation, at a given temperature, 
depends upon the area of the surface of water exposed, and not 
upon its volume or depth. For instance, a tray six inches 
square or thirty-six square inches will give off twice as much 
vapour as one six inches by three inches, or eighteen square 
inches, irrespective of the depth of either. 

Ventilation by Inlets and Outlets above the Eggs. 

Incubators, either English or American, are on the market 
in which both inlet and outlet are above the eggs. In one the 
heated air passes up close by the sides of the lamp flue in the 
centre, passes round the machine and leaves by the same wide 
central tube which surrounds the lamp flue as the ingoing air, 
but further from the lamp chimney, that is, there is in the same 
wide central tube an ascending ingoing current and a descend- 
ing outgoing current. The replacement of air is slow in these 
machines, but being made only in small sizes it is generally 
sufficient. 

In another incubator, also only made for a small number of 
eggs, the walls are porous, and consequently permeable to the 
passage of air both inward and outward. 
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Amount of Ventilation Required. 

Under a sitting lien the eggs do not get much ventilation, 
but it is gradual, constant, and sufficient to carry away the 
discharged carbon dioxide and replace it with pure oxygen. 
There is no draught or perceptible current to dry the eggs too 
rapidly, and there is no stagnation. The health and strength 
of the chick depend as much upon the purity of its blood before 
it is hatched as it does after, and its blood cannot be aerated 
without air. The difficulty to overcome is to supply the oxygen 
and eliminate carbon dioxide without causing too rapid evapora- 
tion by the moving air. Too much ventilation has the advantage 
of making strong those chicks that do get out, but it not only 
dries out some of the moisture necessary in most of the eggs 
for the embryo's structural development, but also makes the 
lining membrane too dry, tough, and difficult to break and less 
permeable than moist membrane to the free interchange of gases. 

jMore and more oxygen is needed as incubation advances, that 
is, the oxygen consumed and the carbon dioxide given off by 
chemical changes increase steadily up to the time of hatching, 
when the consumption of oxygen in the creation of energy neces- 
sary for the chick to extricate itself is again largely increased. 

In the incubator the aim is to provide no more ventilation 
than is necessary to carry away the carbon dioxide, because the 
rate at which this gas is generated in the development of the 
embryo is an exact indication of the rate at which it must be 
replaced by oxygen. Less than this amount would, be fatal, and 
more than this amount, at the best, could be of no use, and much 
more, by creating a current, would be injurious in proportion 
to its excess. 

To ascertain the Correct Amount of Ventilation. 

But it will be asked, how can this particular amount of venti- 
lation be ascertained 1 It is not difficult to gain an approximate 
idea of the correct amount of ventilation sufficiently near for 
practical purposes. The following is a well-known test for the 
presence of carbon dioxide: — Lime water, that is, water in 
which a little lime has been dissolved and afterwards allowed 
to stand till clear, has the property of turning milky in appear- 
ance with the presence of this gas. In the normal state of the 
atmosphere there is always about .049 part of carbon dioxide in 
100, or one part in 25,000 of ordinary air. If this proportion 
is allowed to increase beyond .06 part per 100 it becomes 
injurious, and if much in excess of that proportion, fatal. If 
air containing a higher percentage of carbon dioxide than this, 
such as the exhaled breath be blown through a tube into the 
bottom of a vessel containing lime water, it immediately 
becomes turbid or milky. To test, therefore, for this gas in an 
incubator, place a small glass of lime water in the egg-chamber 
and gradually increase the fresh air admitted, or, which is the 
same thing, the number or size of the ventilating outlets, till 
the water ceases to indicate its presence, or vice versa. 
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The Aip Cell Test of oorrect Ventilation and Humidity. 

Another test as to the correct amount of ventilation and 
moisture may be made by an examination of the air cells at the 
various stages of incubation. If the fertile eggs under a hen 
sitting under natural and favourable conditions are examined 
the size of the air cells will be, on the average, as shown in the 
diagrams on pages 67 and 69. If on examination it is found 
that the air cells are larger on a given day than the spaces shown 
in the illustrations, it may be safely concluded that the eggs are 
receiving too much fresh air, or, which is in effect the same 
thing, too little moisture, or, if plenty of the latter, it is being 
carried away too rapidly. Therefore, to obviate this lessen the 
ventilation, and vice versa when the air cells are too small. 

The reasons for this are obvious. In the normal development 
of the embryo it dries and the air cell enlarges at a certain 
definite rate, but this rate may be modified by too little or too 
much evaporation, and the amount of the latter depends on the 
degree of humidity of the egg-chamber, or on the rate at which 
the internal air is changed by the ventilation ; the more rapid 
the latter the quicker the moisture is carried away and the more 
rapidly the embryos contract in the shell. The chick just before 
hatching time should fill about four-fifths or five-sixths of the 
shell, the head be pressed loosely under the wing, and the yolk 
about twice as thick as that of a fresh egg. If, on the contrary, 
on examining a chick about the 18th day, the lining membrane 
is found to be very white and dry, the chick closely bound in 
the small end of the egg, and the feathers comparatively dry, 
too little moisture or too much ventilation has been given. To 
bring these chicks out more moisture will be required, and more 
moisture also or less ventilation should be given in the next 
hatch. 

The offensive smell of decaying germs cannot be effectively 
removed by any system or quantity of ventilation except one 
which creates a strong current. They must therefore be 
removed. More on this subject will be found in the chapter on 
"Moisture." 

Indirect Ventilation. 

It is not only necessary that the eggs should have enough 
ventilation, and not more than enough, but it is essential that 
the fresh air should enter only by the proper channels, otherwise, 
if cracks, badly-fitting joints, etc., show themselves, the fresh 
air thus entering will so disturb the systematic ventilation and 
interfere with the even distribution of heat as to be very 
prejudicial to success. Incubators with the excessive heat to 
which they are subjected are liable to warp and gape, especially 
the door, unless they are thoroughly well constructed. "When 
the door and inlet and outlet ventilating openings are closed 
the incubator should be sufficiently air-tight to extinguish a 
lighted candle placed within. It often happens that an 
incubator hatches well for one or two seasons, then, apparently 
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■without cause, begins to give poor results. In some cases the 
cause may be found in leaky ventilation, especially around the 
door. 



CHAPTER VII. 
EQu TESTING. 

Where many hens are set, or an incubator is used, it is advis- 
able to test tlie eggs by the seventh day, or earlier, in order 
that the infertile and those in which development has been 
arrested may be removed. It is useless wasting the time of 
either hens or incubators upon eggs which cannot hatch chickens 
under any circumstances. Where many are incubated, the great 
saving of eggs, which are still good for culinary purposes or as 
food for young chickens, and of incubator space, either natural 
or artificial, by the removal of the infertile eggs, fully repays 
the poultry-keeper for the trouble involved in examining the 
eggs, as a mere glance is sufficient to decide whether an egg is 
good or not. 

For testing eggs it is necessary to get a strong beam of light 
to pass through the egg. Cut a hole about the size and shape 
of an egg in a large piece of cardboard. Hold the egg in front 
of this hole before a strong light ; no other light should be in the 
room. Or a cylinder of cardboard or other sxiitable material 
may be made of a diameter wide enough to enclose the lamp 
chimney or the whole lamp. Immediately opposite the flame 
out a hole as described above. The whiter and brighter the 
inside of the cylinder the better, as the reflected light intensifies 
the rays passing through the egg. 

The hands alone, with a fairly good light, are even sufficient 
for egg testing purposes, provided the walls of the room are not 
too light and that there is not too much reflected or distributed 
light. Surround the egg closely on the top, bottom, and right 
side by thumb and first finger of the right hand, then place the 
left hand also close to the egg in such a way that the palms form 
a rough concave reflector turned towards the light. 

To test in the day time a dark room with a single aperture to 
admit daylight provides an excellent ' method, and no more 
powerful light could possibly be had than 
bright sunlight admitted through a hole 
into an otherwise dark room. 

There are many egg testers on the market, 
and most incubator makers send out one 
with their machines, one of the best consist- 
ing of a lamp with a special metal chimney, 
the polished inside of which acts as a 
reflector. In this chimney and at right 
angles to it a second tube is fixed directly 
opposite the flame, in which is fixed a 
plano-convex glass lens which concentrates 
a powerful beam of light on the egg. 

Fig. 25. 
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By means of a very strong light, such as that of bright sun- 
shine, it is just possible to discern the germ through the shell 
after thirty-six hours' incubation, but for all practical purposes 
the fifth, sixth, or seventh day is as early, with ordinary methods 
of testing, as it is possible to decide the condition of an egg with 
certainty. If examined earlier there will be so many doubtful 
ones, which must be put back into the nest, as to necessitate 
another testing a day or two later, rendering thereby the first 
examination a mere waste of time. 

Appearance of Fertile Eggs during Incubation. 

In an egg that i.s progressing satisfactorily there may be seen 
about the fourth day, on examination through a tester, a small 
circular spot near the large end of the egg, about the size of 
a threepenny piece, a little less transparent than the remainder 
of the egg. This germ area gradually darkens, the vessels to 
and from the germ become numerous, and by the sixth or seventh 
day the embryo appears as a dark spot in the centre of a number 
of bright red veins, or, in other words, something like a spider 
with long legs. The better to see this it is advisable when lift- 
ing the egg from the incubator or nest to examine, to keep the 
side uppermost in the drawer towards you, as the embryo 
floating on the top can thus be more readily seen., If not seen 
plainly at once turn the egg round. (Fig. 26). 

The germ should at this stage be quite free from the shell, so 
as to move about a little wlien the egg is turned in the fingers. 
If it dees not move when the egg is gently shaken it has become 
fast to the shell owing to its not having been turned sufficiently 
often or to excessive heat in the incubator. The germ presses 
upwards towards the shell, and if by accident the heat has been 
allowed to rise excessively the thinned stratum between the germ 
and the shell dries and glues the embryo to the shell. If this 
mischance of overheating happens the best thing to do is to turn 
all the eggs over at once, when the yolk (and with it the germ), 
owing to its lesser density than the white, will, if not already 
too Sfcurely fastened to the shell, rise to the opposite side and 
thereby free it.self . It is not the few degrees of extra heat which 
kill the embryo directly. The latter dies afterwards through 
derangement of its functions as a result of this adhesion. 

The egg gradually becomes more and more opaque as incuba- 
tion advances, the opacity being at first on one side onlv, the 
other side and the small end being little altered in appearance, 
till by about tlie seventeenth day the egg appears quite dark in 
€very part except the air cell, which has been growing larger, 
till on the nineteenth or twentieth day it occupies about one- 
fifth or one-sixth of the interior. Just before hatching the chick 
works itself up till it fills the whole space. 

Appearance of Unfertile and Addled Bggs. (Fig. 27.) 
Infertile eags, that is, those which have not been vitalized, 
will be found, when examined about the seventh day, to be quite 




Fig. 26. 

Diagrams sliowing a vigorous germ as seen through an egg 
-tester at the above stages, the figures indicating days. These 
■six diagrams show the gradually increasing size of air cell. 
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clear like fresh eggs. Fertile eggs in which the yolks have been 
broken and in which incubation has advanced only one or two 
days, appear turpid, that is, not so transparent as an infertile 
one, nor in any part so dark as an egg in which the embryo 
is alive. They have often also, especially if the germ has been 
dead a few days, a distinct blood line, like a thumb mark, near 
the side of the egg. 

Dead germs on the seventh day present varied appearances, 
in all of which the spider-like blood-vessels have disappeared. 
Addled eggs, or those in which putrefaction has set in, show one 
or more dark-looking masses, portions of which may adhere to 
the shell. In such eggs, bj- the tenth or twelfth day, the dark- 
looking masses float about when the egg is turned in the fingers, 
as the blood-vessels, which, by adhering to the shell-, steady the 
living embryo in the egg, are dead. 

Test for Living Chicks, 20th day. 

On the 20th day, or before, the eggs which contain live and 
fully-developed chicks may be ascertained by the warm water 
test. This method, however it may satisfy curiosity, often does 
harm to the inmate of the egg, so chilling them that some may 
fail to hatch out. To minimise this risk the eggs, after being 
removed from the water, should be dried and placed under the 
hen or in the incubator immediatel}-. 

Eggs containing live chicks, if immersed in water heated to 
about 104 degrees, that is, about as warm as the hand can com- 
fortably bear, after a minute or two will begin to jump about 
in a lively fashion, stiniulated by the warmth of the water. The 
eggs containing dead chicks will sink, though it is Just possible 
that a chick after it has worked itself up to fill the interior of 
the shell, as it does before its exit, may, by filling up the air 
space, so destroy the buoyancy of the egg as to sink it. The 
writer has never found an egg containing a live chick to sink, 
but it is asserted by some that such cases occasionally occur. 

The eggs which do not either sink or jump about in the water 
(if seen to be fully developed on testing with a light) contain 
chicks which are either not ready for leaving the shell or have 
recently died, probably the latter. These should be replaced in 
the incubator for a little longer. If on shaking the egg the 
contents rattle, the inmate, of course, is dead and shrunk in the 
shell; or if on examination with a light there is the slightest 
transparency anywhere, except through the air cell, the egg may 
be thrown away as worthless. 



CHAPTER VIII. 
THE BREEDING STOCK. 

The first and one of the most important questions is the eggs 
themselves. Suff^icient consideration is not always given to the 
quality as distinct from the fertility of the eggs. The germs 
vary greatly in strength and vitality, and many things must 
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Fig. 27. 

Diagrams showing different forms of addled eggs. All such 
should be removed from incubators. These diagrams show 
gradually increasing size of air cells. 
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be guarded against if well-vitalized eggs and vigorous embryos 
are desired. 

The breeding stock must be fully matured, strong and healthy, 
and the sexes unrelated ; and experience points to the fact that 
in mating the sexes should not be of the same age. As a rule 
best results are got from two-year-old hens and a year-old 
cockerel. As so much depends on the cock, he should be carefully 
watched, especially on coming out in the morning and after the 
evening meal, to see if he is active, as the hatches of a whole 
season may be spoiled by failure in this quarter. 

It is often noticed that cross-bred eggs liatch out better than 
those of pure-bred birds, the constitutions of the latter having 
been, no doubt, to some extent enfeebled by too close a relation- 
ship in the parents, and by the in-breeding often resorted to, 
to maintain or strengthen external characteristics only. 

Moreover the breeders must not be over-forced or stimulated, 
the effect of which obviously is the straining of the- egg organs, 
resulting in impoverishment of the quality or the production of 
"watery" eggs. It is evident that any depreciation in the rich- 
ness of the elements to form bone, feather, and tissue will weaken 
the chick and diminish its chances of successful hatching. The 
liberal feeding to the stock-birds of nitrogenous or animal food 
in any form will largely overcome this. 

It has often been noticed that during the strain of a term 
of continuous laying the eggs become less and less strongly 
fertilized, till they will not, though fertile, hatch out, much 
less produce vigorous chicks. When this is the case, the intro- 
duction of a fresh cock, preferably one that has not been much 
used, may overcome this failing, as the fault is more probably 
in him than in the hens. For this reason it is not wise to mate 
up the breeding pen too long (about a fortnight being long 
enough) before the eggs are required for setting, as the virility 
of the male as well as the fecundity of the females become 
gradually impaired the longer the same birds are together. 
When there is difficulty in getting the eggs fertilized it is recom- 
mended as a good plan to allow the male bird to run with the 
hens early in the morning and in the evening only, removing 
him after the first meal till the last meal of the day. An 
occasional serving of hemp-seed is also good for the same 
purpose. If a faithful sitter under favourable conditions 
cannot hatch 90 per cent, of fertile eggs it is probable the 
eggs are weakly fertilized, as a really vigorous germ will bear 
an almost incredible amount of ill-usage before it is killed 
outright. 

To secure Fertility. 

The Stock. — To secure fertility in the eggs the fowls should 
have been not only well hatched, but well reared, that is, their 
vitality should be of the highest. All fowls which appear alike 
are by no means equal in constitutional stamina, and for the 
difference we must go back to their breeding and rearing. More- 
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over, they should not have been fed on forcing foods, but mainly 
on dry, hard grain, with soft, hot food very sparingly, and 
with a liberal supply of proteids (meat, etc.) in some form. 

Entirely unrelated sexes also give greater chances of fertility. 
As in human beings, there is in nearly all some greater or lesser 
hereditary constitutional weakness, and matings of related stock 
are very liable to intensify any defect or weakness there may 
be, which is serious inasmuch as health and stamina are tested, 
like, the strength of a chain, by its weakest link. 

Number in Pen or Flock. 

In deciding upon the number of hens to be allowed to run 
with a cock many things must be taken into account — the time 
of year, the weather, the age of the fowls (both male and female), 
breed, condition of the birds, and whether. confined or at liberty. 
Probably the nearer we approach the natural conditions the 
more vigorous will be the fertilization. Early in the season, 
or in cold weather, fewer hens are advisable, and also fewer of 
the heavier breeds should be mated to a cock than of the lighter. 
The eggs of birds at liberty are usually more fertile, and a larger 
proportion of hens can be used to one cock than when the birds- 
are confined, and it is hardly necessary to add that a cock in 
good condition can be responsible for more hens than one out 
of condition. The following table of the number of fowls to be 
allowed to run with a male bird must be taken as only an 
approximately rough guide, as so very much depends upon the 
stamina of the stock. In the table it is assumed that the fowls 
are fully matured and in good condition. 



Heavy Breeds .. 
Medium Breeds 
Light Breeds .. 



Confined. 


Early in season 

or in 
cold weather. 

3 to 6 

4 to 7 

5 to 8 


Later in season 

or in 
mild weather. 

4 to 8 
5 to 10 
7 to 12 



At Liberty. 


Early in season 

or in 
cold weather. 


Later in seasoni 

or in 
mild weather. 


5 to 8 


7 to 12 


7 to 12 

8 to 15 


10 to 20 
12 to 24 



Age. 



Much difference of opinion exists as to the extent age has to 
do with the way in which it affects fertility, owing to the im- 
possibility of making practical tests with all conditions alike. 
Greneral experience, however, points to the fact that the highest 
fertility and strongest chicks are produced from a cockerel with 
two-year-old hens. Fertility in the eggs and vitality in the 
chicks appear to go together, that is, the higher the percentage 
of fertility the greater the stamina of the chicks when hatched. 
Other matings in the order of popularity may be taken as- 
follows: — 2nd, two-year-old cock with pullets; -Brd, cockerel with 
pullets; 4th, two-year-old cock with hens. Cocks over three 
years old should not be depended upon, although they may 
fertilize the eggs in mild weather, the stamina of the chiclis will 
not generally be satisfactory. / 
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It has been repeatedly noticed that a cockerel with a few 
pullets produces a preponderance of cockerels, especially early 
in the season. An old cock with pullets generally produces a 
majority of pullets. From any mating cockerel chickens are 
more numerous early in the season, and pullet chickens later 
in the season. ' 

Too much vigour in the male may impair fertility. When 
the cushion feathers on tlie hens begin to look worn, or the 
hens walk lame, it is a sign that more hens may be added with 
advantage, as it often happens in confined runs that the male 
bird over-exerts himself to no purpose, resulting in a great waste 
of vital energy if his harem is too small. Where this waste of 
energy can lie avoided, as it is avoided to a considerable extent 
where the birds have their liberty, one vigorous cockerel is equal 
to a surprisingly large number of hens, for this reason, 
probably, that instinct teaches the hen to seek the company of 
the male bird when his services are needed. All other attentions 
forced upon her when confined in a limited space or not are 
useless, a source of annoyance, and probably harmful. It is well 
known that too few hens to a cockerel often results in unfertile 
eggs, whereas if the number of hens is increased every egg 
becomes fertilized. 

As a cock does not always "take" equallj' well to all the hens 
of his pen, it is, where convenient and where the number of hens 
is large, a good plan to have two male birds to be used alternately 
every two or three days or weekly. By this means the two will 
serve a larger flock than when both are turned down together. 

Physical Characteristics. 

In addition to age and non-relationship there are physical 
characteristics peculiar to the best birds which assist in the 
further selection of the most promising breeding stock. Birds 
which are earliest out in the morning and last to roost at night, 
which are always actively foraging or scratching, the active 
birds whose appetites never seem appeased and which will un- 
doubtedly be good layers, should be selected. These birds, both 
male and female, have generally many features in common, 
namely, broad shoulders and long bodies for the particular 
breed, deep abdomens making them appear somewhat short on 
the legs, rather small and shapely heads, with bright, alert eyes, 
and are active in their movements. 

The idea is common that for fertility in spring the fowls 
should have rested from egg production in winter, though the 
reasons for it are not well founded. If the fowls have been 
suitably housed and fed while laying their condition in spring 
will not be such as to impair the fertility of the eggs. 

Housing. 

The housing accommodation should have sufficient ventilation 
to ensure a comfortabl^y warm and wholesome atmosphere with- 
out draughts. The birds during the night should be neither too 
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cold nor too warm. If the latter, the change between the roost- 
ing place and the outer air will make them very susceptible to 
getting colds. A good guide as to the amount of ventilation 
and warmth is one's own feelings. An unwholesome atmosphere- 
interferes with the health of the fowls as it does with human 
beings. In many fowl-houses every crack and joint provides- 
indirect ventilation, causing draughts which, if serious, should 
be stopped. For the same reason in large wooden fowl-houses, 
except specially well-constructed ones, the main difficulty in cold 
weather is often to reduce the ventilation. 



Bxercise. 

Constant exercise is another essential to fertility. No birds- 
or stock of any kind keep long in vigorous conditions without 
it. Provision must be made for scratching exercise in inclement 
and cold weather as well as in fine weather. This is best 
provided by roomy soratching-sheds, which need not be over 
three or four feet high in front, but should face the south, where- 
possible, to get the most sun. The floor should be covered with 
ashes, sand, or dry earth, etc., to a depth of four or more- 
inches, in whicli grain may be scattered. Do not over-feed, but 
leave them hungry enough to scratch the day through. 

Feeding. 

The best food consists of rations in which the albuminous- 
elements are in correct proportion to other foods. There is a- 
definite ratio or proportion of proteids to non-proteids called 
the albuminoid ratio, and experiments and experience have- 
proved that to depart from the proportion means waste of food, 
that is, the excess of either albuminoids or non-albuminoids 
passes through the system unassimilated and wasted. Therefore 
it is useless feeding meat, etc., extravagantly under the- 
idea that too much of this egg-forming food cannot be given. 
Of course, feeding- for eg"- production requires a higher pro- 
portion of protc'ids than for otlier purposes, but if the birds 
are at liberty and have a choice of food to appease their appetites 
once a day they will not eat more animal food than their systems 
can utilize. It is ill-considered feeding in confinement that is 
liable to throw birds out of condition, especially when the food 
is highly nitrogenous, with the hope of forcing the egg yield. 

An unlimited supply of bard sharp grit, clean water, and 
green food must be given, and the more variety in the food the- 
better. 

Some cocks are too solicitous about the "welfare of their hens 
to properly feed themselves, with the result that tli(;y get out of 
condition. The poultry-keeper should watch for this to ensure- 
that such get properly fed. 
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CHAPTER IX. 

EQQS FOR INCUBATION. • 

Set only fresh eggs, the fresher the better. When eggs are 
kept some time before being placed under the hen or in the 
incubator the membrane lining of the shell becomes very dry, 
making it, when the time arrives for the chick's exit, too tough 
for the inmate to break through, and the fully-developed chicken 
dies of suffocation unless helped out. If the poultry-keeper has 
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some valuable eggs that have unavoidably got old before being 
"set," soaking them in warm water for from a quarter of an 
hour to one hour, according to the degree of staleness, will to 
some extent remedy the dryness of the lining membrane and 
improve their chances of producing chickens. 

Select only eggs of good shape and of medium size, discarding 
very large and very small eggs, and those with crinkled or 
rough shells. 
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The eggs should be clean. It must not be forgotten that the 
fmbryo in the shell requires air from the first day of its incuba- 
tion, and if the pores of the shell are filled with dirt death is 
sure to ensue. Hence the necessity, when eggs have become 
smeared hy an egg getting broken in the nest, of washing them 
witli warm water, as the dried albumen and yolk would as 
effectively seal the pores as a varnish. The writer has coated 
with different substances incubator eggs in various stages of 
incubation, and the innnates invariably died within 24 hours 
of their exclusion from a supply of air from the outside. 

Keeping Eggs fop Incubation. 

The best temperature at which to keep eggs intended for 
incubation must oljviously be below the heat that would rouse the 
latent vitality of the germ, and experiments have revealed the 
fact that a prolonged temperature of even 6.5 degrees will cause 
slightly perceptible changes in the germ. On the other hand 
the low temperature of .32 degrees would, by the expansion of the 
water of the ej^g which takes place on freezing, so break up the 
egg's structure and cell arrangement as to be fatal to the proper 
development of the chick later. 

As the temperature lowers the volume of the egg contracts till 
it reaches 39 degrees, at which temperature the water, composing 
a large percentage of the white and yolk, is at its greatest 
density. From 39 degrees e.xpansion sets in, increasing rapidly 
to the freezing point (32 degrees). As the first effects of freezing 
are therefore felt at 39 degrees, it is evident that 40 degrees is 
the lowest temperature at which eggs can be kept without risk. 
From 40 degrees to 60 is obviously, therefore, the limit, and 
probably the nearer the lower temperature the better. 

Position in -rahich to keep Bggs For Incubation. 

Varied opinions are expressed as to the best position in which 
to place eggs reserved for incubation. Large end downwards, 
small end downwards, laid on one side and turned daily have 
each their advocates. 

The yolk, being of less density than the white, has a tendency 
to rise to the top, gradually forcing aside the albumen above 
it, and, if allowed to remain long in one position, the thin 
layer of albumen dries and the germ becomes glued to the shell. 
The drier or warmer the atmosphere the quicker this adhesion 
takes place. The chalazas to which the yolk is attached, being 
the densest part of the egg, counteracts this upward force by 
tending to drag the yolk clown. Too high a temperature also 
renders the albumen more fluid, and consequently more easily 
pressed aside. 

It has been suggested that by placing the large end of the egg 
downwards the weight of the contents presses on the air-chamber, 
and by thus preventing its enlargement retards loss of moisture 
by evaporation. But this argument is not admissible, as 
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evaporation takes place not from the air space onlj, but through 
all the pores, no matter in what position the egg is placed. 

As one aim in preserving eggs for incubation is to prevent 
loss of moisture by evaporation (the germ never adhering to the 
shell till the eggs are well dried down) the best and, in fact, the 
only way is to keep them in a oool place, not too dry. They 
should be covered with a cloth to further check evaporation and 
turned dailv. 
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The following method has been proved by experience to be as 
effective as any, but the same degree of success in incubation 
must not be expected from such eggs as from fresh ones. Wrap 
up each egg in a square piece of damp-proof paper in such a 
way that all the edges of the paper are drawn to one end and 
tightly twisted, thus excluding the air as much as possible. 
Grease-proof or butter-paper, which may be obtained of most 
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grocers, is suitable for this purpose. Pack tlie eggs, so wrapped, 
tightly, small ends up, into conveniently-sized boxes, and when 
full screw down the lid and date the box. Keep the boxes in a 
cool place (40 to 50 degrees) and turn them over every day. It 
is also generally recommended that the place be dry, not because 
the eggs are better for being surrounded by a dry atmosphere, 
but because damp places are otherwise unwholesome. Eggs 
have been preserved in this way for six months, and have after- 
wards hatched chickens. Great care must be taken that the 
eggs put down are perfectly fresh and have been allowed to get 
quite cold before being wrapped up. 

The lien and many wild birds require three weeks or a month 
to lay a batch of eggs before commencing to sit, leaving them 
during the greater part of that time exposed, and the earliest- 
laid eggs usually hatch as well as the latest laid, but for some 
unexplained reason eggs reserved the same length of time for 
artificial incubation give far less satisfactory results than fresh 
eggs. It is possible that the daily warming for a short time 
that the hen laying away gives her eggs in some way resuscitates 
the vitality of the germ without giving sufficient heat to awake 
its latent powers of growth, but it is probable that a better 
explanation is ofiered by the usual location of the stolen nest 
being on more or less moist ground, shaded from the sun, and 
sheltered by vegetation from drying draughts, together with the 
fact that the hen generally shuffles her eggs everj^ time she visits 
the nest, and that the eggs are, as a rule, of uniform and 
vigorous vitality. 

Testing Eggs before Incubation. 

Eggs about which there is a doubt should be examined before 
being put in the incubator. Many egg-testing appliances are 
on the market, all of which provide for a strong light from a 
lamp, etc., to pass through the ogg. Where convenient, how- 
ever, there is no better light than sunlight passing through a 
small opening, against which the egg is placed, into a dark 
i-oom. 

A fresh egg should be of perfectly even translucency ; if any 
part appears very cloudy or mottled or shows dark spots it 
should be discarded. Eggs from other sources than the breeder's 
own stock, or where the condition of the eggs is not known, 
should be examined, as they are sometimes partly "sat," that 
is, the embryo has begun to germinate and incubation has been 
arrested. This is .shown by a dark oval patch surrounded by 
a rather dark-red line where the blood of the radiating vessels 
has settled at the outer edge of the vascular area. 

Turning the Bggs. 

The hen on returning to her nest almost invariably shuffles 
the eggs, apparently in an aimless manner. The eggs in an 
incubator should be turned twice a day, not as is sometimes 
supposed to warm them all round. During the earlier stages of 
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incubation the embryo, which rests on the top of the yolk, presses 
upwards against the inside of the shell, and if allowed to remain 
long in one position the albumen is gradually forced aside, the 
heat dries the thinned stratum of albumen left, and the germ 
becomes glued to the shell. 

Moreover, the germ in the early stages gets oxvgen directly 
from the white, and a change in the position of the egg by its 
rotation tends to bring a fresh portion of albumen in contact 
with it. 

Again, if the egg is not turned regularly the white has a 
tendency to separate into its constituent parts, the water sink- 
ing to the lowest part of the egg. When the blood-vessels in 
their search for air and nourishment come in contact with this 
watery portion further progress is arrested, just as the roots of 
a plant are stopped and distorted by a stone. As all the vessels 
break off at the same level, a red line like a thumb-mark is 
formed near the shell, lengthwise with the shell, marking the 
place of obstruction. As it is necessary for the chick that the 
blood-vessels should evenly cover the shell of the egg in order 
to absorb a sufficient supply of oxygen from the air, anything 
which prevents this will kill the chick or cause it to grow 
crippled in shape, or so distorted from its natural position as 
to render its exit impossible. 

In turning the eggs care should be taken to have the large 
end or widest part slightly the higher, at least during the first 
seven or eight days. The tendency of the embryo seems to be 
to grow with its head in the highest part. The natural shape of 
the egg and the position of the air-cell, however, are such that 
it gradually keeps itself right in this respect, especially in the 
.natural nest, where the small end will nearly always be found 
turned towards the centre or lowest part. If in an incubator 
the eggs are so crowded that the small end of one is propped up 
the highest for a week or ten days it is probable that the head 
would be formed in that end, and thus, not being the natural 
position, such chicks are rarely able to get out. By the seventh 
day the blood-vessels have become attached to the lining 
membrane of the shell, and about the 14th day the chick moves 
from crosswise to lengthwise of the egg, but if its head, on the 
sixth or eighth day, be turned too much towards the small end, 
it will not change its position sufficiently to develop normally. 

Changing the Location of Eggs. 

From the remarks on the distribution of heat in the incubator, 
the necessity there is for changing the location of the eggs, in 
addition to turning them over, will be apparent. It is, as we 
have seen, practically impossible to maintain a perfectly even 
temperature in every part of the egg chamber, and if the same 
eggs were allowed to remain throughout the whole incubation 
period in the same positions, they would not hatch out as well, 
or as regularly, as would be the case if their places were changed 
daily. Many of the eggs in the cooler parts of the machine 



so 

would succumb in consequence of continuous under-Leat, or, at 
the best, hatch out behind time, while others in the hotter parts 
of the incubator m^ight be killed outright by a continuous 
temperature a degree or two too high. Eggs of average vitality 
can easily bear a slightly higher or lower temperature than 103 
or 104 degrees, if not too prolonged, and this regular changing 
of their positions from warmer to cooler parts of the incubator 
causes the chicks to develop more equally and to hatch more 
regularly. 

No egg-turning apparatus, which does not permit of this 
change of location, is of any use. 

Cooling and Airing the Eggs. 

Although regular cooling seems to be, if not a necessary 
condition to good hatches, at least a safe rule, even when tlu' 
incubator is well and amply ventilated, yet in what way tin: 
cooling process is beneficial is not very evident. There should 
be in the incubator neither too much ventilation nor too little, 
as the former will chill and kill the germs and the latter will 
suficJcate them, and from such an incubator, amply ventilated, 
especially by diffusion, good hatches can be brought off with little 
or no cooling, beyond what is necessary in turning the eggs, and 
in cold weather more chicks are killed by too much of this 
cooling process than by too little. 

The saying that "a close sitter (that is one that does not often 
cool her eggs), is a bad sitter," is not well grounded, and will 
as often be found to be untrue as true. A hen gets off her eggs, 
in addition to when hungry or thirsty, when she feels that they 
are over-heated by the great animal heat in them. Some hens 
are probably not as much inconvenienced by excess of heat as 
others, and such hens, by sitting too closely in a warm place, 
hatch badly through giving the eggs insufficient ventilation. 
On the contrary, if the nest be in an exposed position, scantily 
provided with warm bedding, or the weather cold, or if there 
are man}' unfertile eggs in the nest, and in consequence a small 
amount of naturally-generated heat from the fertile ones, or the 
sitter is not in the best physical condition for imparting heat 
to the eggs, a close sitter under these circumstances would be 
more successful than one under similar circumstances that 
frequently left her eggs. To put it briefly, a close sitter is not 
a good sitter, if from anj- cause she once permits her eggs to 
get overheated or under -ventilated ; and on the contrary, a close 
sitter is a good sitter if, owing to her circumstances, it is 
necessary to sit closely to keep the heat of her eggs up. The 
saying, "A close sitter is a bad sitter" seems to infer that close 
sitting necessarily causes bad hatches, whereas poor eggs or un- 
favourable conditions are the cause of the bad hatch, and the 
close sitting the effect produced instinctively on the hen ; that is, 
the bad hatch is not necessarily the effect of the close sitting. 
As a rule the close sitter is merely trying 'to make the best of a 
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bad egg.' The converse is also true. These remarks do not 
apply to the loose sitting caused by the irritation, of vermin, etc- 
A hen left to herself, with food and water within easy reach,, 
will seldom leave her eggs, especially in cold weather, often not 
exposing them for two or even more days at a time, and when 
she does leave them tliev are quickly raised to the requisite 
temperature again on her return. In some incubators the case 
is different. In cooling the eggs, the egg chamber is also cooled,, 
and it takes one or two hours, and in some cases longer, to get 
the eggs warmed through again. The eggs are better not 
allowed to cool below 80 degrees, and while this is being done,, 
the incubator should be closed to keep in the heat. This is 
supposing," of course, that the incubator is properly ventilated 
and does not require a special renewal of fresh air when the eggs 
are turned. In hot weather a little cooling may be beneficial 
even when the incubator air is pure, but it should be so per- 
formed that when the eggs are replaced they are brought back 
to 103, or 104 degrees within the hour. 

In the early stages before the embryo has begun to generate 
much animal heat the eggs will lose, when the temperature of 
the room is about 60 degrees, about half a degree each minute 
of exposure, and with an atmospheric temperature of 40 they 
will cool at the rate of over a degree per minute. 

It has been suggested ■ that by the cooling of the egg and the 
consequent contraction of tlie contents an extra absorption of 
oxygen takes. place which benefits the chick, but this benefit must 
be infinitesimal and, with ample fresh air all the time, un- 
necessary. 

It is probable that the repeated contraction of the shell by 
regular cooling after being heated renders it more brittle by 
breaking up its texture, and thus helps the chick to extricate 
itself more easily. Cooling may also in some way strengthen the 
chick by accustoming it to periodic changes of temperature. 

When the eggs are turned they are better allowed to cool once 
a day for five to twenty minutes in warm weather, especially 
during the second and third weeks of incubation. During the 
first week they need little or no cooling be5'Ond the time taken 
up in turning them. The time a good sitting hen is from her 
nest varies from five minutes to, in some cases, an hour, accord- 
ing to the weather and the condition of her eggs. 

The following figures may be used as a general guide. When 
the temperature of the incubator-room is — 

Under 42 degrees Fah., no airing is needed except on the 
last 3 or 4 days. 

42 to 50 degrees: — Cool for 10 minutes during the last 
week only. 

50 to 60 degrees: — Cool 5 minutes a day for 2 weeks, and 
10 minutes a day after. 

60 to 70 degrees: — 10 minutes a day for 2 weeks, and 15 
minutes a day after. 

Over 70 degrees: — 20 minutes a day for 3 weeks. 
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The hen allows her eggs to cool, but on her return they are 
warmed up at once. When the egg-tray of the incubator is out 
the latter should be closed to keep in the heat, otherwise the 
eggs, when replaced, may be too long in getting up again to the . 
required temperature. Never allow either the eggs or the 
incubator to get so cold that the heat cannot be got up again 
within the hour. Eggs in process of incubation that have been 
accidentally allowed to get very cold or chilled by long exposure 
may with advantage be placed for fifteen minutes or longer in 
water at 10.5 degrees. Keep a thermometer in the water to 
register the heat, and add warna water as needed to keep up the 
temperature. Dry the eggs before putting them back. 

Effect of Unfertile Eggs in Incubator. 

Infertile eggs left in the incubator during incubation .is 
another cause of inequality in the amount of heat received by 
the fertile ones. It will be said, however, that in natural 
incubation the same fact often applies, but we cannot afford to 
copy nature except under her best and most advantageous con- 
ditions, when every egg produces a live chick, and our degree 
■of success in artificial incubation depends, like the strength of a 
chain on its weakest link, on our attention to a number of 
details which singly appear trifling. 

We will suppose tliat the air immediately above the eggs is 
kept at 103 degrees throughout the three weeks. For the first 
week or more the warmth absorbed by fertile and infertile eggs 
is practically equal, but by about the eleventh day the natural 
heat generated in a fertile egg becomes appreciable and rapidly 
increases in amount to hatching-time. The infertile eggs, how- 
ever, do not increase in temperature after the first day, and 
never get higher, while the air above them remains constant at 
103 degrees, than 99 to 101 degrees. Suppose then, say, on the 
18th day a fertile egg is surrounded b^' infertile or addled ones, 
the latter will continually absorb or drain the heat from the 
fertile one. The reading of a thermometer placed on a fertile 
egg surrounded hy other fertile eggs will always register higher 
than the reading of a thermometer' placed on a fertile egg sur- 
rounded by infertile ones. For this reason it is very essential 
that all infertile and addled eggs should be removed as soon as 
possible, that all the remaining fertile ones may have an equal 
chance. 

It will also be evident that to indiscriminately mix eggs in 
different stages of incubation, even after being thoroughly 
warmed, is not conducive to the highest measure of success, 
inasmuch as the older eggs, being warmer, will always lose a 
portion of their heat to those added later, and in so doing their 
vitality is impaired. It is not a difficult matter for delicate 
fingers to tell, after a little practice, a fertile egg a fortnight 
old from an infertile or addled one by the sense of touch alone. 

To work the incubator at a correct temperature it is im- 
portant that the bulb of the thermometer should not rest on an 
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infertile egg, as the difference in temperature between an egg 
advanced in incubation and an infertile one will be several 
degrees, while the air immediately above is the same in both 
<!ases. In practice, as it is not convenient to distinguish between 
live and dead eggs, let the bulb of the thermometer be placed 
just clear of the eggs. 

Care at Hatchinig. 

After the 18th day do not turn the eggs. The chicks are 
then, or should be, fully formed, and nearly all of them will 
naturally get into position with beaks up ready for coming out; 
but if turned on the 19th or 20th day probably riiore will chip 
the egg on the under-surface than. would otherwise be the case. 
Some, however, will probably under any circumstances chip the 
under-side first. It is an unwise proceeding to open the 
incubator, especially at this time, oftener than twice a day, 
when, morning and evening, the chipped side may be turned up, 
closing the machine again without unnecessary delay. 

It is advisable for the following reasons to turn up the chipped 
side at the end of the 20th day, that is, turn over the eggs only 
which do not show a fracture on the upper side. A chick may 
fracture the shell close against the bottom of the egg-drawer and 
be unable owing to this to make a hole sufficiently large to 
breathe and may suffocate. Some eggs, at hatching, contain a 
quantity of refuse watery or gluey matter, which is liable to 
close up or glue up the hole when it happens to be on the lower 
side of the egg. 

When hatching keep the incubator at 103 or. 104 degrees, not 
allowing it to exceed the latter. At this time the struggles of 
the chick generate considerable extra animal heat. The fall in 
temperature (unless, of course, made up by added artificial heat) 
through the withdrawal of this animal heat is very noticeable 
when hatched chicks are removed to the nursery. 

Chicks, as a rule, will come out in from six to twelve hours 
after chipping, depending upon their strength, the thickness 
o^f the shell, and lining membrane. Before its exclusion it 
should have absorbed into its abdomen all the remaining yolk, 
which constitutes its food for the first twenty-four or more 
hours. 

In large incubators chicks can never be expected to hatch out 
on the same day till it is possible to get all the eggs of equal age, 
the germ of uniform vitality, and the conditions of heat, 
moisture, ventilation, etc., uniform in every part of the 
incubator. 

In hot-air incubators provision is made for the chicks, when 
hatched, to get out of the way of those in process of hatching. 
A space is left in front of the drawer and near the window. The 
hatched chicks instinctively make towards the light of the 
window, on reaching which they drop lightly down without the 
slightest injury on to the yielding canvas-floor of the nursery 
below the eggs. Here they are out of the way, are in a cooler 
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atmosphere, have plenty of light, are in full view, and can be 
left till it is convenient, in the interests of the unhatched 
chicks, to open the incubator to remove them. Where a nursery, 
such as described, cannot be provided the early-hatched chicks 
struggle among the unhatched eggs, empty shells, and half- 
hatched chicks, injuring or interfering with the latter, or by 
climbing on the tops of the eggs, getting into a much higher and 
injurious temperature instead of a lower one. 

Helping Out. 

At the end of the 21st day, if there are still any doubtful eggs, 
a small hole may be made in the large end of the egg. If the 
membrane of the air-cell is white the chick is probably alive (or 
has only recently died) and may need helping out. In doing 
this proceed very cautiously, and do no more than help the chick 
to help itself by "freeing it a little. If blood oomes desist at once, 
as it is a sign that the contents of the veins in the lining 
membrane have not yet been withdrawn into the body and the 
chick is not ready for coming out. 

Helping out may be safely resorted to when an egg has been 
chipped twelve hours and does not appear to be making head- 
way. 

Causes of Fully-gronrn Chicks Dying in Shell. 

Any one of the numerous causes which prevent the normal 
development of the embryo during incubation may be responsible 
for the chick succumbing at or before hatching. An embryo 
may, of course, ' die any time during incubation, but most 
embryos have sufficient stamina to bear many untoward vicissi- 
tudes, each, however, weakening it till it has not sufficient 
strength left for the final exertion of extricating itself, and it 
dies practicalh' of suffocation because it cannot get access to the 
outer air to aerate its blood by pulmonar}- respiration after its 
vascular respiration through the shell ceases. 

Eggs for incubation start with greatly varying degrees of 
vitality- inherited from the parent stock, some having vigour 
enough to live through almost any deviation from congenial con- 
ditions, while in other eggs, though fertilized, the spark of life 
is so feeble that no hen or incubator could "nurse" them through 
to exclusion. 

In an incubator, as also with hens, the death of an embryo 
is generally brought on by degrees till, as it were, "the last 
straw" finishes the work. A strong and vigorous embryo starts 
life witli latent vitality to develop not only through the three 
weeks, but to live and thrive after leaving the shell, and every 
check it receives, however slight, weakens it, making it less able 
to withstand the next, whether it be caused by too little or too 
much heat, however slight the deviation, for either a moment 
or a loijger period, whether too much or little humidity, or chill- 
.ing draughts, or jars or vibrations ' severe enough to derange 
its delicate structures. None of these, alone, are likely to kill 
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a strong embryo especially well advanced, as the nearer hatching 
the stronger they are to resist sudden changes or unnatural 
conditions. 

A continuous underheat of one or two degrees is more detri- 
mental than a far lower temperature for a short time, and, on 
the contrary, a continuous temperature of only, say, two degrees 
too high injures normal development more than a sudden and 
short rise of five or more times as many degrees. Under-heat 
only kills the embryo indirectly by slowing down or retarding 
unequally the various functions of the delicate organism, thus 
interfering with or destroying their ' mutual dependence or 
balance, or till the heat, which is the vital force, is not sufficient 
to keep the machine going. Likewise over-heat by stimulating 
and accelerating probably some functions more than others 
causes death through the failure of one organ to keep pace with 
the rest. The counterpart of this takes place in the vegetable 
kingdom. 

It is quite impossible to give too much air, providing it is 
pure, and if the temperature is maintained at 104 degrees there 
can be no chilling draughts, but a rapid change of air is efiected 
at the risk of the current absorbing 6r drying out too much 
moisture from the eggs. Even this undue loss of moisture kills 
the embryo gradually and indirectly only by rendering the 
circulation sluggish and so impeding oxidation and growth and 
deranging other vital functions, the weakest embryos succumb- 
ing at hatching-time. 

In trying to avoid drying the eggs too much too little air 
may be given, which is the most fatal mistake of all. Oxygen 
is the vitalizing agent, and all the embryo needs to build up the 
complete body is contained within the shell. A stinted supply 
of fresh air simply retards development by failing to supply the 
only outside element needed. Too little fresh air or ventilation 
also means a stagnant and too moist atmosphere, which cannot 
take up the moisture given out by the eggs, thereby keeping the 
membranes and organs too fluid, as shown by the chick occupy- 
ing at hatching-time too much of the interior space, preventing 
it from turning properly to cut its way out of the shell, or from 
stretching its muscles to break its way out. 

Sudden jars or constant vibration, often stated to be fatal, 
do not appear to make any perceptible difference to the hatching 
unless they are severe enough to rupture the delicate vascular 
membranes or organs. Hens have been known to hatch every 
fertile egg in nests far from quiet, or free from constant vibra- 
tion or sudden concussion. 

Too much importance is sometimes attached to uniformity of 
heat. Provided there is an ample supply of humid fresh air, 
steadily diffused, a little fluctuation in temperature is not nearly 
so vital as either continuous under or over-heat. The tempera- 
ture under a hen varies very considerably between the centre 
and sides of the nest, but the eggs are not allowed by the hen 
to remain in the same position very long. If this were so the 
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outside eggs would probably not hatch, out. It is well known 
that eggs, especially during the latter part of the incubation 
period, will bear for a short time a temperature of 112 degrees 
or even considerably higher with no apparent ill efiects. During 
the earlier part of incubation they, however, succumb to a less 
degree of fluctuation. On the contrary, we know that a low 
temperature of 50 degrees or even lower, as during cooling, 
prolonged for several hours, does not necessarily prove fatal. 
We must, therefore, look for other causes than a little fluctuation 
in temperature for the explanation of "dead in shell" and 
cripples. As before stated, however, the killing of the embryo 
is done by degrees, and a very high temperature tends to 
separate the water from the albumen, and thus, at the best, 
cannot do any good. 

In a perfectly ventilated incubator the reasons for the absolute 
necessity of the daily cooling of the eggs are not very obvious. 
The only reasons that can be assigned are stateil on page 8.j. 
Suffice it to say if this duty is omitted there will be many dead 
in shell at hatching. 

For evident reasons, explained elsewhere, neglect to turn the 
eggs would result in every single egg failing to live beyond the 
first week of incubation. 

Old eggs or eggs that have been touched with frost rarely, 
if ever, hatch, owing in the latter case to the breaking of the 
texture of the albumen in the expansion which takes place at 
freezing point. 

Chicks begin to breathe with their lungs (the membranous 
respiration ceasing with the withdrawal into the body of the 
chick of the blood in the vessels lining the shell) about 24 hours 
or more before leaving the shell. The head of the chick in its 
natural position should be near the large end, where the beak 
can break the membrane of the air-chamber. It sometimes, 
Iiowever, happens that the head is in or near the small end, and 
the beak, instead of being able to break into the open space at 
the large end, gets surrounded with the remains of watery or 
sticky albumen. It is thus unable to inflate its lungs and dies 
of asphyxia or suffocation, although perfectly strong and healthy 
up to that point. In this position also a chick is seldom able to 
chip the shell. Should one succeed in doing this it should always 
be helped by cracking the shell on each side of the fracture, as 
the chick in this position has difficulty in turning round. 

Place for Operating Incubators. 

The ideal place for the working of an incubator is one having 
an equable temperature day and night, a moderate and constant 
degree of humidity, a steady supply of fresh air, and freedom 
from noise or disturbance of any kind. A well-ventilated 
underground cellar best fulfils these conditions. The tempera- 
ture of such a place does not fall as low during the night, or 
rise as high during the day, or fluctuate as much as one above 
ground, and as its temperature is more uniform, its humidity is 
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also more constant. The cellar, however, must not be damp 
from stagnation of air, or dark, although the exclusion of light 
is only indirectly deleterious. No better criterion of suitability 
can be had than the sense of smell. If the room smells unwhole- 
some, disagreeable, and not fit for human occupation, it is 
equally unfit for the successful incubation of chicks. 

Outbuildings of corrugated iron or with glazed roofs like 
greenhouses are unsuitable. These become very warm when the 
sun is up, and soon radiate their heat again, and become cold 
during the night, thus putting a great strain on the regulator. 

Neither is it usually convenient to work an incubator upstairs 
or where it is not readily under supervision. It is best where 
it can receive a passing glance during the day to see that the 
lamp is burning properly and perhaps occasionalh' to check the 
temperature. This, of course, with a good machine is by no 
means absolutely necessary, but is a safeguard against accidents. 
The incubator, however, should be trusted to do its work auto- 
matically after being properly adjusted, and too much inter- 
ference will do more harm than good. Little readjustments, if 
necessary, can be seen to at the time the eggs are turned, twice 
a day. 

The Incubator Cellar. 

For hatching artificially on a large scale, and where a suitable 
well-ventilated room of equable temperature is not already to 
hand, it is worth while to construct one, as it does not involve 
great outlay, little skilled labour is required, and such a cellar 
places the incubator on a level with the hen under the most 
favourable conditions. 

A well-drained place, preferably in a hillside and facing the 
north, should, where convenient, be chosen, or one abutting on 
an existing building and on the north side. Dig out the earth to 
the depth of two to three feet, the soil thrown out to be used for 
covering the wall above ground and the top of the building. 

The sides or walls may be of brick or stone, or even of stout 
timber, say, railway sleepers, and from 4 feet to 6 feet high. 
As the ground should be fairly dry, wood would last for years. 

The roof must be rainproof and contain a good-sized adjust- 
able skylight for outlet ventilation and light. Corrugated iron 
answers well for the roof. Cover this with straw, and over it 
and the part of the walls above the ground throw the earth got 
out of the excavation. The door at the gable-end should have 
an adjustable opening near the top. The floor may be the earth 
itself, if dry, or cement, bricks, etc. 



CHAPTER X. 

THE INCUBATOR ON THE FARM. 

Advantages of AFtificial Incubation. 

A. large proportion of farmers still do not interest themselves 
'.seriously in the possibilities of the profit in poultry cult\ire, 
jind none are so well situated and no place offers so great advan- 
tages as the farm for the use of artificial methods of incubation 
and brooding, which could be adopted with little or no actual 
iincrease in labour. 

The work of attending to incubators and brooders is specially 
isuitable to women, and provides an agreeable change from other 
work, domestic or otherwise, in which the women folk have not 
^generally a direct pecuniary interest. 

It is no unusual thing to find on a farm fowls kept all in one 
'flock often exceeding one hundred in number, sometimes all 
roosting in one place, which is seldom regularly cleaned out. 
The bird.s are of all breeds, or mongrels, often inbred from 
■closely related cockerels of the farmer's own fowls, and fed on 
-the cheapest grain procurable. Each spring, generally late, 
a few hens are "set," a far too large proportion of the broods 
■are lost from causes arising from general inattention. Pullets 
reared from these broods are, as a rule, so late hatched as to 
be of little use for winter or even early spring laying, when eggs 
are most valuable, and only come on to lay when eggs are getting 
cheap. The number of pullets reared is also seldom sufficient 
to replace the hens of the flock over two years old or even over 
three years old ; instead of which birds are often kept long after 
ceasing to be profitable layers. Fowls kept in this way hardly 
•pay even for the comparatively little thought and trouble spent 
on them. With twice as much care and labour they would 
probably pay ten times better. 

Incubators are now so practically perfect in all details of 
■convenience of operating, and certainly superior on the average 
to hens in the percentage of eggs hatched, that there is little 
•excuse for the continuance of the natural method. An 
incubator for one hundred eggs does not entail as much labour 
as doing justice to eight sitting-hens to ensure a good hatch, and 
•the oil consumed is of less value than the food of the hens, while 
■spending their time in an occupation that a good incubator can 
do better. 
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The attention an incubator requires may be given at con- 
venient times of the day wlien other work is not pressing, 
providing the attention is reasonably regular. A 100-egg 
incubator needs but a few moments twice a day to trim the lamp 
and turn the eggs ; far less, in fact, than the feeding and atten- 
tion the hens would require. 

Moreover, the inclination of an incubator to sit has not to be 
consulted, it being always ready for that duty at any season of 
the year. Chicks may thus be hatched, and with suitable appli- 
ances reared at any time. To breeders for the table, who would 
have fat chickens when the highest prices are obtainable, that 
is before the later naturally hatched chickens become plentiful, 
incubators are a necessity. To ensure a plentiful supply of eggs 
in autumn and winter the chicks should be hatched in March, 
April, and early May. Sitting hens are not, as a rule, 
sufficiently plentiful in February and March to enable the 
poultryman to get as many pullets as desirable during the former 
two months. 

By the natural means the small broods of any number up to 
about a dozen come ofi at different times, and are consequently of 
all ages and sizes, the younger not having an equal chance of 
thriving when running about with older chicks. The larger 
batch of chickens all of one age from an incubator is better 
worth the trouble of more attention and care, and in an artificial 
brooder every chick has an equal chance. 

With incubators no eggs need be lost by breakage or by 
exposure and chilling, no newly-hatched chicks are crushed to 
death, nor does the incubator cease to be broody and quit its 
«ggs. 

Non-sitting varieties of fowls may be kept with more profit, 
as hens, which have no part of their time occupied with maternal 
duties, lay more eggs. 

An artificial brooder — and there are many excellent ones on 
the market — is for profitable purposes as great an improvement 
on the hen as the incubator. If the latter did not hatch better 
than the hen, a good brooder broods the chickens better. This 
has been conclusively proved in thousands of cases. The foster- 
mother is always ready with different degrees of heat to suit the 
chicks, while with the hen it is no uncommon thing to hear some 
of the weaker ones chirping to be brooded, while others have 
no such desire. Chicks often suffer by being led into damp 
grass or too long distances by their mother, who regulates her 
pace to a great extent by the stronger ones, and if the hen is 
cooped up the former often get trampled to death. Artificially- 
reared chicks thrive better, mature more quickly, are more 
independent, less timid, and look out better for themselves, 
because, in addition to advantages already named, they start life 
free from the insect pests which sap the life-blood of many of 
those hatched under hens, and being kept generally under better 
protection in movable runs they are less liable to accident, the 
raids of vermin and disease. They can be fed more regularly, 
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more evenly, and more economically, as there is no mother or 
older fowls to greedily devour the more expensive food on which, 
it may be advisable to feed the chicks. 

Hoiir to Improve the Farm Stock. 

In adopting improved methods changes can be made gradu- 
ally. The first point is to improve the breeding stock. This- 
can be started any time, but especially in the autumn, when the 
poultry-keeper should sell ofi all his fowls over three years old, 
or, better still, over two years old, and all the under-sized or 
ill-shapen ones, reserving only the best, such as answer the 
description in the chapter on "Fertility." For these he should 
procure sufficient vigorous pure-bred cockerels of the breed he 
fancies. These should be bought in the autumn, when the choice 
is greatest, as only the very best are kept through the winter, 
when prices for good ones get very high. 

If the fowls have all been crowded in one flock about the home- 
stead they should be reduced to forty or fifty at most, and an 
even less number would be better still. When more are kept they 
should be colonized in houses far enough from home to keep them 
from mixing. This can best be done by placing the chickens in 
separate houses when they leave the brooder. In other words, 
they must be brought up in the house and never fed elsewhere. 
It is generally useless attempting to colonize from home fowls, 
which have been accustomed to roost about the farm buildings. 

The chickens hatched from the mating mentioned above would 
be half-pure, and if each year fresh unrelated pure cockerels of 
the breed are turned down the whole flock, in the course of a few 
years, would become, for all practical and utilitarian purposes, 
pure-bred. 

A good incubator and one or more brooders should be 
purchased to replace reliance on sitting hens. A broody coop 
should be provided for the latter to get them back to business 
with the least loss of time. 

In January, or earlier if desired, the incubator can be set to 
work, and every three or four weeks a brood be brought off, but 
there should be ample brooding accommodation provided, as 
good provision must be made for cold and inclement weather. 
If every farmer in the country commenced raising poultry by 
improved artificial means there would still be a profitable and 
not over-supplied market for either table poultrj', if properly 
fattened, or eggs. For many years, at least twenty, the 
quantity of poultry kept has been continually increasing, and at 
the same time prices have been rising, and were never as high as 
at present. 

The capital necessary to start poultry keeping as a definite 
and important adjunct of farm work is comparatively small, 
when egg-production and table poultry, and not fancy exhibition 
fowls, are the objects. The latter branch is far too speculative, 
and only profitable to a comparative few of the most successful. 

It is best to start with one pure breed, and probably it will 
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pay best to keep to one breed, as it can be more economically 
managed than the same number of fowls of two or more breeds. 

The selection of the breed will depend upon whether eggs or 
table birds, or both is the object. If both, one of the all-round 
varieties which make good (though not the best), table fowls and 
are good layers, especially in winter, one of the heavier breeds 
is most suitable. 

The poultry-keepers' object will be to have either eggs or table 
broods when they are scarcest and the prices the highest, namely, 
in April and May as regards table poultry. April and May 
hatched pullets should be reserved for winter laying. If hatched 
earlier than the end of March they moult in the autumn, which 
process is such a drain on the system that generally they do not 
lay till spring. Neither will June or later chicks lay till eggs 
are cheap. There is, of course, a profitable egg trade to be done 
throughout the year, but especially should an intelligent effort 
be made, by artificial hatching at the right time, to get eggs in 
winter. 

Where plenty of land is available, as on many farms, and 
where foxes are not preserved, the best plan is to colonize the 
chicks straight from the brooders in separate houses in batches 
of about twenty-five or thirty, far enough apart to prevent much 
intermixing. If colonized early enough and always fed at their 
houses they will keep to their own roosting places. 

Mistrust of Incubators. 

The reason for the mistrust of incubators in many places is not 
far to seek. During the last twenty or more j'ears great strides 
have been made; many of the pioneer appliances were crude, 
clumsy, and uncertain, largely owing to unreliable regulators, 
and with these incubators success was equally uncertain. It is 
from the failures of these that much of the prejudice, which, 
however,, is dying out, has been handed down. The poultrj'- 
keepers who purchased them soon discarded them after the 
novelty of hatching by 'machinery' had worn off, and over- 
looking the great improvements made in the meantime, have 
continued to hold them in disfavour. There are thousands of 
obsolete and worthless machines still in existence, each a silent 
advertisement against artificial methods. Even within recent 
years, during which incubators on the latest principles which 
are capable of hatching a hundred per cent, have been on the 
market, there have also been offered very numerous low-priced 
ones on the same principles as higher-priced ones, but so flimsily 
constructed that a few hatches or a season or two have been 
sufiicient to put them irreparably out of order owing to poor 
workmanship or materials. These are not worth the expense 
of repair, and are like the older machines set aside, deterring 
the owner and others from speculating again. 

Manufacturers are not entirely to blame for low-priced and 
defective machines, as many intending purchasers, in considerr 
ing the supposed element of risk, are often tempted to reduce 
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their risk by buying the lowest-priced incubator they can find, 
by which means they court the failure they wish to avoid. There 
will always be makers, to meet this demand, of incubators made 
to sell and not necessarily to hatch. 



CHAPTER XL 
HATCHINQ DUCK EQQS. 

There is practically very little difference in the conditions 
for the successful incubation of either hen or duck eggs. 

Whether with hens or incubator (ducks themselves being only 
indifferent sitters and wretched mothers), duck and hen eggs 
may be hatched together, but they do better separately. The 
former will hardly keep as long for incubation purposes as the 
latter, for the reason probably that they are more porous. If 




Fig. 31. 
Diagram showing air cell of duck egg on above days. 

hatched in incubators they do better with a slightly lower 
temperature than hen eggs, namely, about 103 or lower rather 
than Iiigher, hen eggs doing best at from 103 to 104 degrees. 

As ducks are water fowl, some people have the impression that 
they cannot be kept too moist during incubation, advising a 
damp location for the nest, or a very moist atmosphere in the 
incubator, or a daily sprinkling of the eggs to correspond with 
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the damping the eggs would probably receive from the feathers 
of a duck, incutating naturally, after its daily swim in the 
water. The eggs under a hen or duck become coated with an 
oily secretion from the body of the sitter, rendering them much 
less affected by the humidity of the outside air, or of the damp 
location of the nest, but in an incubator the eggs have not this 
oily protection. They are very porous, the efiect of too much 
moisture throughout the whole month of incubation being to 
prevent the ducklings being sufficiently dried down and so 
occupying too much space in the shell at the time of hatching. 
The duckling chips the shell and gets its bill well out, but owing 
to its size it has little or no room to stir. It cannot get its bill 
back through pressure from the inside, neither can it turn round 
to break ofi with its bill the upper part of the shell, consequently 
it dies from sheer suffocation or exhaustion unless helped out. 
During the last week of the month, however, the case is different. 
The duck by that time should be well dried down, then by a 
little extra moisture, such as a daily fine spraying with warm 
water (after which the machine must be immediately closed to 
prevent chilling the eggs), the shell and membrane may be 
softened and prepared for the duckling's exit. 

Should the lining membrane at hatching-time be rather tough 
ducklings may be helped out, especially if chipped at or near 
the small end, with less risk than with chicks. Of the latter, 
those that cannot get out unassisted are rarely worth the trouble 
involved in helping them ; but ducks needing this assistance, if 
given at the right time and a little at once, are afterwards as 
strong as any others. 

Ducklings generally chip the shell from 12 to 36 hours before 
making their exit, during which time they are absorbing the 
remaining yolk for their support immediately after hatching. 
When necessary to open the incubator, say, every twelve hours, 
the chipped part of the eggs should be turned upwards. The 
accompanying drawing shows the size of the air-cell of a duck 
egg as seen through an egg tester at different stages during its 
incubation. For information on this subject the reader is 
referred to other chapters, if on examination he finds the air 
vesicle larger or smaller on the respective days than those shown 
in the diagram. 



CHAPTER XII. 

HOT-AIR AND HOT-WATER INCUBATORS 
COMPARED. 

There are two distinct types of incubators, namely, hot air 
and hot water. In the former the air is heated in a heater 
outside before it passes into the incubator, or the air is heated 
by radiation from hot flues or reservoir in the upper part of 
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the egg-chamber. In the other case a tank of water is heated 
by means of flues passing through it, or part of the tank itself 
extends outside the incubator case to a boiler round the lamp 
flame by means of which a circulation is set up of heated water 
from, and cooler water to, the boiler. Radiation downwards 
from the tank heats the air in the egg-chamber. Both methods 
are therefore in effect the same, and both are really hot-air 
incubators. 

There are, however, important differences in the method of 
ventilation and in maintaining humidity in the egg-chamber. 
In incubators with hot-water tanks filling the upper part of the 
case the cold air enters and rises from below, and is heated by 
radiation as it rises. As the temperature of the egg-chamber is 
kept stationary at 104 degrees by the rise or fall of the tempera- 
ture of the tank, the volume of air passing through the fixed 
inlets and outlets varies with the temperature and density of the 
outer air ; the colder the latter is the more air passes through 
the incubator, and the warmer the less air. For instance, if 
the outer temperature were to rise so high as 104 degrees, there 
would be no change or passage of air through the incubator at 
all, as the air inside would be of the same density (being of the 
same temperature) as the air outside. On the contrary, at 
freezing point, say, the very wide difference between the inside 
temperature of 104 and the outside temperature of .32 and the 
consequent densitj^ of the latter induce a very rapid change of 
air which dries the eggs, too rapidly in the latter case and too 
little in the former case. 

In hot-air machines the fresh air goes in at the top at one 
uniform high temperature regardless of the outer temperature; 
the cooler this is the more heat is absorbed in the heater to raise 
the ingoing air to the required temperature. The heated air 
gradually descends to the lower and also unvarying temperature 
about the eggs, below which it diffuses outwards at a rate, like 
the case of the tank machine, in proportion to the difference 
in temperature (and density), the area of outlet remaining the 
same, between the inner and outer air, the colder and denser 
the latter the more rapid the diffusion. But in these machines 
the area of outlet can be increased by removing the bottom felt 
or felts, or opening the incubator bottom, thus making up by 
increasing the diffusive outlet area what is lost by the reduced 
xpeed of diffusion as the outer and inner air get nearer the 
same density. With the fixed outlet ventilating holes above 
the eggs in tank incubators the outlet cannot be increased for 
hot weather. The number of holes should, therefore, be 
sufficient for warm weather and some of them corked up for cold 
weather. This could be effected by having slides working on the 
"hit and miss" principle to control the holes or area of outlets, 
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■which, in this case, could be much larger to provide for warm 
-weather. There is little, if any, difference between the two 
types, as regards even distribution of heat. The mobility of the 
volume of cooling air, gradually descending, is such as to render 
■the temperature uniform at any given level. The water in a 
tank-machine has an even temperature at the bottom of the 
tank, unless this evenness has been interfered with by deposits 
■of sediment, but in the imparting of this heat by radiation 
through the intervening two to four inches down to the eggs 
there is as great a likelihood of inequalities arising, especially 
as the ventilation is from below, as with descending air. 

Air heats and cools much more quickly than water, therefore 
■should the supply of artificial heat fail, either wholly or 
partially, a hot-air incubator would much sooner fall to the 
temperature of the outside atmosphere than would a tank- 
machine, as the latent heat in the water would keep the tempera- 
ture in the egg-chamber from falling injuriously for many 
hours. For the same reason heating by hot water tends to 
prevent fluctuations and tO' check sudden accidental rises of 
temperature. 

In the tank incubators the moisture is in the bottom. The 
ingoing air becomes partially charged at a low temperature, but 
as it rises and becomes hotter its capacity for absorption of 
moisture increases, and thus there may still be a tendency to dry 
the eggs too much, especially if coupled with a rapid passage 
of air, as in cold weather. In hot-air incubators the heated air 
goes in at the top at an unvarying high temperature. As it 
•descends and cools its capacity for absorption is reduced (which 
is one of the reasons why no applied moisture is necessary) and 
therefore passes the eggs with less danger of drying them. 

Carbon dioxide and other gases exhaled from the eggs during 
incubation are heavier than pure air and more readily fall with 
•descending ventilation than rise with the ascending air in tank 
■machines. 

Hot-water tanks are liable to give trouble from leaking after 
being in use for a time, and when that happens they are trouble- 
isome to repair. There are also more interval flues in a tank 
machine, which increases the risk of trouble from getting choked 
up with sO'Ot, which is often a cause of failure to get the heat 
up sufficiently quickly. 

Types of Incubators. 

A brief general description of the chief types of incubators on 
the market may be advisable. There are few or no essential 
patents, and practically all machines at present conform to, or 
are modifications in details of, one of two types, hot air or hot 
water. 
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In No. 1 style of incubator (Figs. 32, 33) the upper part 
consists of a hot-water tank well packed to conserve the 
heat. This tank is kept heated by means of the flue 
from the lamp at the side, passing through and round 
the inside of the tank, and having its outlet near the 
lamj^-chimney in the hood or lantern. Over the chimney is a 
valve or damper operated, through a lever, by a thermostatic 




Fig. 32. (No. 1.) PHIPPS. 



capsule in the egg chamber. When this valve is down the heat 
from the lamp is diverted into the tank flues, but when it rises 
through the expansion of the capsule in the egg-drawer, the hot 
fumes pass either wholly or in part straight out of the lamp 
chimney and the heat of the water gradually falls, and corre- 
spondingly the heat of the egg-chamber below it. 

Fresh air enters the egg-chamber through four small holes in 
the corners of the double bottom of the case. From these holes 
it passes through a central hole in the upper part of the double 
bottom, passing through perforated zinc covered with canvas 
kept damp by the immersion of its four edges in a water tray. 
The ingoing air, passing through this damp canvas becomes 
charged with moisture, passes between the eggs and out at the 
ventilating holes immediately below the tank. 
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Fig. 33. (No. 1.) 

SECTIONAL VIEW OF INTERNAL ARRANGEMENT OF 
HEARSON'S INCUBATOR. 

A, lamp chimney. B B, water tank. C C, removable egg 
tray. D D, moisture-distributing tray. E E, ventilating holes 
(ingress). F F, ventilating holes (egress). G, chimney damper. 
H, regulation lever. I, lamp reservoir. J, sliding weight 
adjuster. L, drawer adjusting slips. M M M, flue for heating 
tank. N N N, packing to retain heat. O, tank thermometer. 
P, capsule regulator rod. Q, lever hinge. R, lamp burner. S, 
orifice to fill tank. T, capsule regulator and table. X, adjusting 
screw. 



No. 2 style of hot-water incubator (Fig. 34) is similar to the 
last, except that no flues pass through the tank, but instead there 
is an extension of the tank on the right side forming a circular 
boiler round the lamp chimney. The lamp heats the water in 
close proximity, creating a circulation of heated water into the 
upper part of the tank, and a return of cooler water from the 
lower portion. Regulation of heat is effected by the damper 
rising and allowing heat to pass out directly without imparting 
its heat fully to the surrounding boiler, instead of the lamp fumes 
being compelled, as is the case when the damper is down, to pass 
downwards again outside the boiler and round the under edges 
of the boiler cover. 

H 
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No. 3 style of hot-water incubator (Christy) differs from the 
two previous ones in tlie way in whicli the temperature of the 
water in the tank is controlled. The thermostat and lever raise 
or lower a vertical sliding valve which controls the flow of the 
water in the outward and return pipes between the boiler round 
the lamp chimney and the tank. When the slide-valve lowers the 
heated water is prevented, either wholly or in part, from enter- 
ing the tank, the circulation being then, more or less, confined 
to the boiler or small outer tank. 




Fig. 34. CNo. 2.J 'J'AMLhX. 



Fresh air enters above the eggs in the hottest part, just under 
the tank, where are placed. the moisture trays, not as in previous 
ones under the eggs. The ingoing pure m,oist air is drawn 
downwards between the eggs through a hole in the centre of the 
double bottom into the space between, from which place it is 
exhausted through passages" between the double case of the sides, 
and passes out at an opening, having an adjustable slide, at 
the top. 

The heating apparatus of Number 4 hot-air incubator is con- 
structed as on page 100 (Fig. 37). The ingoing fresh air is heated 
by contact with the flue passages, passes into the upper part of the 
incubator, as usual well packed to conserve the heat, and gradu- 
ally descends through a diaphragm of thick felt to diffuse the 
heat equally and check air currents. After descending between 
the eggs and through a second double felt diaphragm, it is drawn 
out from the bottom of the incubator through an exhaust pipe 
into the lower portion of the heater, where it partially mixes 
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with the ingoing fresh air. Means are provided also for an 
increase of ventilation in hot weather, in addition to the auto- 
matic suction of this exhaust pipe. The bottom panel of each 
machine consists of a substantial frame, enclosing a hinged 
bottom that can be let down any distance until it reaches the 
floor by turning the two thumb nuts underneath the machine. 
By this means the under surface of the lower felt diaphragm is 
exposed, thus materially increasing the ventilation of the hatch- 
ing chamber and nursery. 




Fig. 36. (No. 4.J CYPHERS. 



The use of this drop-bottom is recommended during the warm 
months of May, June, July, and August in the temperate zone, 
and during other periods of the year in warmer climates ; also 
when the temperature of the room in which the machine is 
worked is above 70 degrees. It is at this time that the exchange 
of air from outside aijd through the hatching chamber is 
sluggish. With the drop-bottom closed the egg-chamber is self- 
ventilating by means of the return draught to the heater, and 
with the drop-bottom down the return draught to the heater is 
checked, the "choked" circula,tion being then continued slowl}' 
•downward through the bottom opening. Under all conditions 
the circulation ischepked by the double lower diaphraigms. 

A limited ataounl of the warmed and moist air exhausted from 
the lower part of the incubator passes upwardly in the heater, 
thus finding its way back into the egg-chamber. This is claimed 
to be an advantage, as it has been demonstrated that a certain 
amount of carbon dioxide, both in the hen's nest and in the 
incubating chamber, is necessary for the proper disintegration 
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of the egg shell, without which it would be impossible for the 
chick to break its way out. 

Supplied moisture is needed in these machines only under 
exceptional circumstances, as the gradually descending air, as 
it cools in its descent, leaves much of its humidity in the more 
highly-heated air above, which has a higher moisture capacity. 

The regulator in this machine is generally of the metal variety 
described elsewhere. 
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HOT-AIR HEATER. Fig. 37. 



Under the egg-drawer is a space provided for the reception 
of the newly-hatched chicks. These, on hatching, naturally 
make towards the light of the window in the door, and drop 
gently over the two-inch space between the drawer and the door 
on to felt or canvas without injury, to the cooler nursery below 
the eggs. 

No. 5 machine is essentially the same in general construction 
and method of heating, but the outlet ventilation differs in its 
having no exhaust pipe into the heater. In the last-named 
incubator. No. i, as constructed till recently improved by the 
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addition of the adjustable drop-bottom, the air after passing 
downward from the top, through the felt diaphragm and between 
the eggs and a second diaphragm below, was drawn entirely into 
the heater, instead of any portion diffusing out at the bottom 
of the incubator. In No. 5 two removable felt diaphragms below 
the eggs are provided which can both be used during the earlj 
stages of incubation or in cold weather, but during warm 
weather or the later stages of incubation, when more air is 
needed, one or both may be removed, by which means less resist- 
ance is offered to the downward movement of the air and coe- 
sequently its passage is accelerated. 




Fig. 38. (No. 5.) INCUBATOR COMPONENTS CO. 

The higher the temperature the greater the capacity for 
absorbing moisture, and the air in the incubator being higher 
in temperature than the outer air and having a higher absorp- 
tive capacity, sucks or draws in vapour, by -inward diffusion, 
from below, till the vapour tension or drying capacity in the 
Incubator is the same as the drying capacity of the outer air at 
a lower temperature. It is well known also that the atmosphere 
is generally humid enough, that is, its drying capacity is rarely 
too great for successfur natural incubation. If therefore tht 
same relative humidity is maintained, by bottom inward and 
outward diffusion, between the egg-chamber and the outer air 
as between the natural nest and the outer air, the humidity in 
the egg-chamber should be sufficient under non-extreme con- 
ditions without artificial moisture. 

It should also be noticed that increasing the amount of air 
passing through the egg-chamber by the removal of one or both 
felts, or by opening the drop-bottom of the No. 4 incubator, 
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does not affect this relative humidity between outer and inner 
air. For example, in the case of either slow or rapid air move- 
ment, if the outer air holds, for the sake of illustration, seven- 
tenths of the amount at its saturation point, the inner air at 
104 degrees will draw in moisture, or moisture will diffuse 
inwards, till the inner air also reaches seven-tenths of its total 
moisture capacity, in both cases the drying capacity being repre- 
sented by three-tenths. The actual amount of moisture, how- 
ever, held in suspension will be greater in the inner than the 
outside air. 

In No. 6 type of hot-air incubator (Prairie State) the 
fumes from the lamp pass into a galvanized iron reservoir 
above the eggs, and the heat is radiated downwards as 
from a hot-water tank. Fresh air enters through holes 
into the space around the lamp chimney, and on being 
heated rise.s and flows into the egg-chamber just below 
the hot-air reservoir and near to moisture pans there pro- 
vided. The warm air, after taking up moisture from the pans, 
descends between the eggs and is drawn out through ventilating 
holes in the space between the double bottom, then by suction it 
is drawn up between the double walls of the incubator and out 
at an opening in the tojs. This outlet has a sliding valve by 
means of which the ventilation, or amount of air passing through 
the machine, may be regulated to a considerable extent. Moisture 
pans are provided in this machine, although having descending 
ventilation, because not having a porous bottom no moisture can 
diffuse inward from the outside to bring up the aqueous tension 
of the inner warm air to the same as the outer air. To some 
extent, however, the inner air above the eggs retains the moisture 
exhaled by the eggs, the cooler air at the bottom giving up its 
moisture before leaving, thus enabling these machines to hatch 
well in humid places without the use of the moisture pans. 



CHAPTER XIII. 

INCUBATOR FITTINGS. 

Spirit Capsule Thermostats. 

There are two shapes of spirit capsules in use, the round 
corrugated one and the square one. They are both charged with 
the same spirit. As to which is the best depends on which gives 
the greatest expansion at the cup in the centre on which the 
lifting-rod rests for each degree of heat, as this greater or 
quicker response to varying heat operates the damper and checks 
fluctuations of heat more quickly.. 

In the case of round capsules the corrugations are flattened 
out, as it were, with heat, and as the round edge of the capsule 
is rigid the corrugated metal can only "lengthen" towards the 
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Figs. 38 and 39. 



centre by the top corrugated disc bulging upward and the bottom 
one downward. 

In the case of the flat square 
capsule there are no corrugations 
to flatten out, therefore space for 
the expanded volume enclosed 
between the discs can only be got 
by the drawing inward of the 
four corners, the greatest expan- 
sion being at the centre where the 
two diagonals from opposite corners cross. 

The two discs, of which both the round and square capsule 
consist, are, while the capsule is in use, in a state of continued 
tension from pressure from within or without, and must there- 
fore be sufficiently thin and ductile to bear these changes and 
at the same time be impervious to the volatile spirit within. It 
often happens tliat a capsule fails, after working satisfactorily 
one or two seasons, generally owing to the loss of the spirit by 
leakage. A metal consisting of an alloy of copper is considered 
the best, having the tensile qualities of pure copper and at the 
same time being more malleable and consequently capable of 
being made thinner. 



Metal Regula.tors. 

The metal regulator largely used in non-mo.isture hot-air 
machines depends lor its action on the difference in the degree 
of expansion by heat of two metals, generally steel and 
aluminium or steel and zinc. 

It is well known that all metals do not expand equally with 
heat. For instance, if we take the volume of any metal at 32 
degrees (freezing point) at 1, the expansion of the following 
metals for each degree of heat added up to boiling point, 212 
degrees, will be as follows: — 



Glass 


•0000046 


Tin -0000120 


Platinum 


■0000048 


Lead ■0000160 


Iron 


•0000065 


Zinc. 


Brass 


•0000104 


Aluminium • 


Silver 


■0000106 





This increase per degree of heat is called the "co-efficient of 
expansion." 

Most of these metal regulators consist of six pieces of metal, 
two being of thin steel about two feet long, with the edges 
flanged, i.e., bent down a little at right angles to make them 
rigid in resisting bending strain from downward pressure. To 
each of these steel strips two similar strips, also flanged, of zinc 
or aluminium, are riveted firmly at the ends only. As the 
expansibility of zinc or aluminium is considerably greater than 
steel, the former expand or elongate with heat more than the steel 
to which they are riveted at the ends, and this extra length can 
only be disposed of by the aluminium or zinc bowing away, 
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-either upward or downward, from the steel. To concentrate the 
full extent of this bending into the middle of the strips the 
flanges in the zinc or aluminium are notched or cut away at 
this point, thus removing the resistance of the flange. The foot 
of the lifting rod operating the damper rests in a cup im- 
mediately above the notches. 




Fig. 40. 

This regulator may he double or quadruple. If double each 
strip of steel has riveted to it two strips of aluminium, one 
above and one below, thus doubling its expansive power. To 
further increase its lifting power a pair of these combined triple 
strips may be fixed one above the other. 

This class of regulator is hardly as sensitive in its action as 
the capsule, but it is less liable to injury or to get out of order, 
as the slightest puncture or porosity in the thin metal discs 
constituting the latter is sufficient to liberate the enclosed spirit, 
after which it is useless. 

This metal regulator is also not affected by atmospheric 
pressure on which the temperature at which any liquid boils or 
vaporizes depends. The boiling or vaporizing point falls as the 
altitude increases and the atmospheric pressure correspondingly 
decreases. The boiling point of water, for instance, which at 
sea level is 212 degrees Fah., becomes lower the higher we ascend. 
The same applies to the boiling point of the spirit in the capsule 
on which its motive power depends. Even at any given level 
the barometric pressure varies considerably, which, in like 
manner appreciably affects the enclosed spirit, though not to a 
practically essential degree. In the case of incubators to be 
worked at high altitudes, however, as in some countries at several 
thousand feet above sea level, these capsules should be charged 
with a less volatile spirit than when intended for use nearer the 
sea level, otherwise the spirit vaporizes at too low a temperature 
(owing to the reduced atmospheric pressure), expends itself and 
fails to work before it reaches the desired temperature unless, 
of course, the reduced atmospheric weight is made up by a 
heavier balance weight on the lever. 

The difference in barometric pressure at different altitudes is 
therefore immaterial, because it can be provided for by the 
adjustable balance weight, but there is no means of auto- 
matically allowing for the fluctuations in the atmospheric 
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pressure at a given level. For instance, if the incubator is 
adjusted to raise the damper at 104 degrees with the barometer 
at 30, if the barometer falls to 28, the spirit will vaporize at a 
lower temperature, lift the damper earlier, and thus reduce the 
temperature in the incubator below 104 degrees. 

Regulator Fittings. 

The accompanying illustrations show various styles of regu- 
lator fittings. Fig. 41 consists of a hiiiged stand so made that the 
lever rod may pass through the holding tube, permitting the 




lever to be adjusted to correct length without cutting. A milled- 
head screw to adjust the lifting rod, sliding weight, capsule 
holder, damper permitting suspending rod dropping through 
when damper rests on flue, and capsule, etc., are provided. 

Fig. 42 is similar to Fig. 41, but is independent of the tank 
for the support of the capsule holder, the latter being kept in 
position by being screwed to the lifting rod tube. 

Fig. 43 is a compound lever by which the lifting power of the 
capsule is greatly amplified by the double lever. 




Fig. 43. 
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Fig. 44 illustrates a complete set of fittings in addition to 
the regulator required for a hot-water incubator. The tank is 
of copper with large heating flues, the inlet and outlet being 
shown in addition to the filling tube, the thermometer tube, and 
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the emptying tube with a screw cap. The lamp chimney with 
the side flue to fit into the tank inlet flue, the elbow outlet flue, 
the lamp hood in two parts, the oil container for lamp, and the 
moisture tray are also shown. 

Fig. 4.5 shows a lamp oil container 
with an extension for refilling, which 
also acts as a handle, and Fig. 47 
shows the lamp fitted with a spiral 
spring to press the lamp chimney 
tightly in its place, and Fig. 46 




Fig. 45. 



shows the lamp properly placed at the side of the incubator. 





Fig. 46. 



Fig. 47. 



The Hot-Air Heater. 



The accompanying sectional diagram shows the construction 
of the heater used for hot-air incubators. It is constructed of 
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galvanized iron, the joints consisting of iron castings riveted or 
bolted together, airtight and sinokeproof, without reliance on 
solder. 

The fumes from the lamp pass up the flue 1, then by a cross 
flue 2, into 3, down which they descend and escape at the bottom, 
none going into the egg-chamber. The fresh air enters at the 
bottom of the air passages 4^ 4, becomes heated by proximity 




Fig. 48. 

SECTION OF HEATER. 

1 — Escape Flue for surplus heat., 

2 — Asbestos Jacket. 

3 — Lamp Flue. 

4 — Top Cover Casting. 

5 — Upper Flange Casting. 

6 — Fresh Warm Air Pipe Casting. 

7 — Fresh Air Chamber. 

8 — Connecting Chimney Casting. 

to the central flue 1, and passes into the incubator, when the 
damper 5 is down, by tube 6. When the damper rises, the 
surplus heated air escapes through the opening 7, controlled by 
the damper. Pipe 8 is the exhaust, drawing the air from the 
bottom of the incubator into the lower part of the fresh-air 
chamber 4. The whole is covered with a thick asbestos coat to 
conserve the heat. 

In another style of incubator in which all the air after passing 
between the eggs diffuses outward at the bottom of the incubator, 
as described in incubator No. 5, the exhaust air pipe 8 is not 
used. 
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Humidity Gauge. Fig. 49. 
The degree of humidity, whether naturally supplied, as in 
so-called non-moisture machines, or artificially supplied, recom- 
mended by different incubator operators as desirable to secure 
best results varies widely, although in natural incubation, as 
■explained elsewhere, eggs hatch about equally well in all con- 
ditions of humidity of the atmosphere or location, except 
extreme. Until a humidity gauge was put on the marliet there 
was no convenient and at the same time reliable method of 
ascertaining tlie exact degree of humidity present, as this 
■depends upon several conditions, namely, the moistness and 
temperature of the incoming air, the rate at which it passes 
through the machine, the position and area of the artificial water 
supply, if any, exposed to evaporation, the stage of incubation, 
■etc. The amount of water evaporated is a very unreliable 
measure of the drying effect, or otherwise, of the atmosphere of 
the egg-chamber. 




Fig. 49. 



The humidity gauge or hygrometer is a modification of the 
-wet and di'y bulb thermometer. The latter consists of two 
thermometers; the bulb of one is covered with muslin, which 
is connected by means of a thick strand of cotton, with a vessel 
•of water ; the cotton sucks up the water to the muslin enclosing 
the bulb, just in the same way that the wick of a candle sucks 
up the melted wax or fat. When water passes from the con- 
dition of liquid to that of vapour heat is absorbed. A drop of 
water on the hand, in its evaporation, produces the sense of cold, 
■spirit of wine or ether producing even greater cold because of 
their greater volatility or quality of rapid evaporation. Owing 
to the loss of heat, by evaporation, from the bulb enclosed 
with muslin, the heat registered by this thermometer is lower 
than that of the exposed thermometer. If the air were charged 
with moisture to the extent of its capacity, or, in other words, 
if it were saturated, no evaporation would take place from the 
covered bulb, consequently there would be no loss of heat, and 
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the two thermometers would register alike. On the contrary, 
if the atmosphere were very dry, evaporation from the covered 
bulb would be great, the resulting absorption of heat would also 
be great, and the difference in the readings of the two thermo- 
meters would be wide. As a thermometer is provided with every 
incubator, and as it is only necessary to register the humidity 
at the temperature of 104 degrees, Everall's humidity gauge 
dispenses with the uncovered thermometer, and in place of the 
covered thermometer above referred to a hygrometer measuring 
the degree of humidity at 104 degrees only is used. It acts 
in this way : when the exposed incubator thermometer reaches- 
104 degrees, and, for the sake of illustration, should the moist- 
ness of the egg-chamber be exactly midway between perfect 
dryness and saturation, that is, if it should have a humidity 
of 50 per cent., the reading of the mercury on the tube of the 
muslin-enclosed bulb would be 50 on the scale. Again, the 
incubator thermometer being still at 104 degrees, if the air 
should be damper, containing, say, 70 per cent, of its full 
moisture capacity, less evaporation would take place from the 
covered bulb, less heat would be lost, and the reading on the 
hygrometer tube would be higher, namely, 70. This instrument 
is scaled from 50 to 80, that is, to register humidity varying 
from 50 to 80 per cent, of the total capacity of the air to hold 
moisture without condensation. In the former case the drying 
efiect would be represented by 50, and in the latter by 20. If 
the air in the incubator were kept at the point of saturation, 
that is, 100, the moisture generated in the process of incubation 
would not be taken up by the air, and the chick would die at 
hatching, if not before. 



Automatic Gas Valve. 

Owing to the fluctuations in the pressure from the gas mains^ 
during the day and night the use of gas is not usually satis- 
factory without the assistance of an automatic device as shown, 
in Fig. 50. This gas valve, which may be adjusted as desired,. 
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Fig. 50. 



automatically corrects >these variations in pressure, however 
slight, regulating the flame to a uniform size. A good incubator 
heat regulator is able, as a rule, to control these fluctuations, but 
in so doing a great strain is put upon it. 
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Pedigree Trays. 

Some makers suppl}-, at a little extra cost, what are called 
pedigree trays by means of which the chicks of different breeds 
or strains can be kept separate on being hatched. These tra3's 
are used only during the last few days, the eggs being trans- 
ferred to them just before chipping. 

The pedigree tray of one maker consists of an upper and lower 
part, the latter sliding from below the upper. The eggs, just 
before hatching, are separated into the compartments of the 
upper tray, which, instead of wire, etc., for the bottom, has 
rounded rods or cleats near enough together to hold the eggs, 
but not the chicks when hatched. These drop through into 
corresponding compartments below, leaving the shells above. 
The lower nursery can then be drawn out and the chicks marked 
or distinguished according to the strain as desired. 

Thermometers. 

As so much of one's success in artificial incubation depends 
upon having a correct thermometer, and as many of the cheap 
ones sold are entirely unreliable and worse than worthless, a few 
words in regard to them may not be out of place. 

Thermometers should have the degrees marked on the stem 
or tube, as the cheap ones mounted on wood or metal have the 
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Fig. 51. 





Fig. 52. Fig. 53. 

STAND FOR, AND HANGING THERIVIOMETER PLACED, 

scale stamped on the latter by the hundred at a time, the sealed 
glass tubes being afterwards fitted to them. The rise and fall of 
the mercury in the sealed tube may or may not coincide with the 
prepared scale on the mount, in some cases the reading on the 
scale being several degrees out. 

Even thermometers etched on the stem are not necessarilv 
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reliable. After being sealed the tubes should be kept a con- 
siderable time before being scaled, otherwise the subsequent 
contraction of the glass tube causes the mercury to rise a degree 
or more in its registering above the correct temperature. Any 
thermometer, however, may be used in an incubator after it has 
been tested by comparison with one known to be correct, if 
proper allowance is, of course, made for the amount of its in- 
accuracy. 

Most thermometers have a small expansion chamber at the 
top of the tube in which occasionally a little mercury lodges. 
A globule here, almost invisible to the naked eye, is sufficient 
to make the reading one or two degrees lower than the correct 
one. If the mercury should get divided in the tube, place the 
bulb of the thermometer in warm water, gradually increasing 
the heat by the addition of hot water till the mercury rises into 
the expansion chamber. A gentle tap or two on the top of the 
thermometer, as it cools, will probably reunite the disconnected 
portions. 

Old Regulators. 

It may be of interest to briefly describe a few of the many 
thermostats that were used before and during the continuance 
of the Hearson patent rights in the spirit capsule. 



Durnford's Regulator. 

A useful one in its day was Durnford's metal regulator, whicli 
consisted of a zinc strip, A (Fig. 54), fixed at one end of a 
shallow iron tray, B, the opposite end being free to elongate 
with heat. At the same end of the tray as the free end of the 
zinc was a ledge or stop, C, standing below the level af the zinc 
strip, A. An iron rod, D, with a widened end or foot, E, 

turned downwards at right 
angles with this flanged and 
£• " widened foot fitted closely into 

Fig. 54. the narrow slit between the free 

DURNFORD'S REGULATOR. end of zinc and the stop, C, in 
such a way that the upper part of foot received the pressure 
of the expanding zinc, while the lower part rested against the 
stop. This had the effect of tilting or lifting up the free end, F, 
of the iron rod on which rested the lifting rod operating the 
damper. 

J. Tube. 

This consisted of a bent tube of about half-inch bore, one 
arm being about 6 inches long and the other three. The latter 
arm was closed and preferably blown out at the end to about 




112 




Fig. 55. 



one inch diameter. This tube was suitably fixed 
to a wooden frame and so placed in the 
incubator that the bulb was about level with the 
eggs. 

In the closed or bulb end a small quantity of 
spirit (methylated spirit and ether) was im- 
prisoned by mercury. The former vaporizing 
with heat pushed the column of mercurj- round 
and up the open long arm. Resting on the 
mercury was a light, freely-fitting cork or float 
to which was fastened a light' rigid wire which 
engaged the lever above the incubator, which 
had to be balanced so that the damper end was 
only slightly the heavier and requiring, there- 
fore, little lifting power to raise it. The 
adjusting of the damper to open or close at the 
desired temperature was done only by the 
adjusting screw over the lifting rod. 

This was a sensitive regulator, but easily put out of order by 
grit or dust getting into the tube and causing the float to stick 
and perhaps get covered with the rising mercurv. 

Pear-shaped Regulator. 

This regulator also depended for its action on the vaporization 
of a mixture of 3 of ether to 1 of methylated spirit imprisoned 
by mercury in a pear-shaped glass vessel. The open 
neck or tube, mouth downwards, rested in a glass jar. 
As the spirit volatilized with heat it pushed out the 
mercury into the jar, the pear-shaped vessel, suspended 
!j:^~jnj|i from the lever by wire, thus becoming lighter, rose and 
I lij II allowed the lever and damper above to rise. The 
lljniili^ motive principle in this case was the releasing or 
_g reclaiming of the mercury as it was expelled or drawn 
'in again by the vaporization or condensation of the 
spirit. The damper was so balanced as to require little reduc- 
tion of weight in the suspended plummet to enable it to rise. 
This and Fig. 55 can be had attached to regulator fittings. 

Test-tube Regulator. 

This type was a modification of the same regulator. It 
consisted of two test tubes, one inside the other, the inner one 
open end downward. Enclosed in the upper end of the inner 
tube was the spirit which on vaporizing dislodged its mercury 
into the lower tube, the inner tube suspended to the lever above, 
thus becoming lighter, reducing the weight on the balanced 
lever and allowing the damper to open. 




Alcohol Regulator. 

J 7) herewith shows a method adopted for 



The sketch (Fig. 
utilizing alcohol, which expands and contracts considerably with 
changes of temperature. The long horizontal tube. A, was filled 
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with alcohol to a little past the bend, and was imprisoned by 
mercury which filled the bent rubber tuloe, B, up to the glass over- 
flow tube, C. The latter 
was affixed to a metal 
weight, D. As the tem- 
perature rose in -the incu- 
bator the alcohol in the 
tube, A, expanded and 
pushed the heavy mercury 
in the rubber tube, B, up 
into the glass expansion 
chamber, C, thus increas- 
ing the weight or pull ort 
the lever and so raising 
the damper. The balance 
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fig. 58. 

HlLLIEn'S ReGULATOP. 



weight on the lever enabled the operator to adjust the opening 
of the damper to the desired temperature. 

Hillier's Regulator. 

The accompanying drawing shows the regulator invented by 
W. H. Hillier and used in his hot-air machines. (Fig. 58). 

It consisted of a glass tube of about half-inch bore bent into 
the form of a circle. One end was closed, and in it was im- 
prisoned by mercury a spirit similar to 
others, namely, 3 of ether to 1 methylated 
spirit. The circular tube was securely fixed 
to a circular wooden disc which turned 
freely on a fine knife-edged axle. A thin 
wire fastened the disc to the lever above. 
As the enclosed spirit vaporized the 
mercury was pushed round in the tube, 
thus changing the centre of gravity of the 
disc with tube attached, causing it to 
rotate a little, and in so doing pull down the rod attached to 
the lever above. 

Spiral Metal Regulator. 

The regulator of one of the earliest incubators consisted of a 
spiral coil of two suitable metals, and was on the principle of 
the present-day metal regulators. The two strips of metal, 
whose co-efficients of expansion, as explained on page 111, were 
different, were, for convenience and to occupy less space, coiled 
into the form of a spiral fixed at the centre and free at the outer 
end. Supposing the two metals were steel and zinc, with the 
latter on the inner side of the coil, it is evident that with heat 
the coil would unwind or straighten out at the free end owing 
to the greater linear expansion of the inner strip of zinc, and 
would again coil up with decrease of heat. This motive power 
was communicated to the lever by a pull-wire, which, in the 
case of the incubator alluded to, worked a slide which permitted 
a larger or smaller flow of hot water to the tank according as 
the temperature in the egg-chamber was too low or too high. 

I 
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Rubber Regulator. 

A combination of hard vulcanized rubber and wood has been 
used as a thermostat, but in the liglit of present-day regulators 
this method appears very crude. A thin strip of hard wood was 
riveted to a strip of vulcanized rubber, which expands or 
elongat-es' considerably with heat, whereas wood does not. The 
combined bar, with the rubber on the under side, was firmly 
fixed to the side of the incubator. With increasing temperature 
the rubber, expanding more than the wood, tended to raise the 
free end, which movement, as previously described, was com- 
municated to the lever. The usefulness of this kind of regu- 
lator was of short duration, as the rubber, by repeated expansion 
and contraction, soon lost its potency. 

Regulation by Expansion of IVater. 

This method was adopted in one incubator of former days. 
Near one end of a large hot-water tank an upright tube, A, 
about 3 or 4 inches in diameter, was fixed. A suitable light 
float, B, was inserted in this tube, which was filled through the 
tube C, which was afterwards screwed up and sealed air-tight. 
The expansion of the large enclosed volume of water and air 
in the tank was concentrated into the 3 or 4 inch tube, in which 
the water rose or fell according to the temperature of the tank. 
The float was attached to the lever, as previously described. 



CHAPTER XIV. 
ANSWERS TO QUERIES. 

1. — What percenfar/e of chicles should hatch? 

The percentage of fertile eggs which hatch bears an approxi- 
mately direct ratio, generally speaking, to the percentage of 
fertility as a whole. If on testing on the 5th or 6th day it is 
found that every egg, or 100 per cent., are fertile, the operator 
may expect a hatch approaching 100 per cent. If, on the 
■contrary, only 50 or 60 per cent, of the eggs are fertile, only 
50 or 60 per cent, of the fertile eggs will probably hatch out. 
The reason for this is that the percentage of fertility in the 
eggs is a measure, as a rule, of the vitality of the fertilization, 
and a strong fertilized egg does not easily succumb to vicissi- 
tudes or unfavourable conditions of incubation. The converse 
holds true, a low percentage of fertility indicates a weakness in 
vitality in the fertilized ones, a large proportion of the germs 
of which not having stamina enough to live to the end of the 
incubation period. 

2. — What is the cause of sjMts, varying in size, on hrown- 
shelled eggs? 

These are caused by the unequal or irregular deposit of colour- 
ing matter in the formation of the shell in the oviduct. It is 
no detriment to hatching. 



115 

3. — Should chicks he helped at hatching-time? 

At the end of 21 days eggs which have failed to hatch may be 
immersed in water at about 100 degrees for a minute or two to 
soften the lining membrane, if necessary ; then a small hole may 
be made in the large end to admit air to the air space, as the 
chick, if alive, will have pushed its beak into this air chamber, 
and having begun to use its lungs, would soon die of suffocation 
if unable to break the shell and so gain access to the outer air. 
If further assistance is given, or the shell is broken elsewhere 
than at the air chamber, desist at once if blood comes. This 
would indicate that the blood-vessels have not ceased their work, 
and until the blood from them is withdrawn into the body of 
the chick in the way explained elsewhere it is quite useless the 
chick leaving the shell. 

4. — What is the cause of chicks being- sometimes 2 or 3 days 
overdue? 

Strong embryos under adverse circumstances, such as con- 
tinuous insufficient heat, or excessive cooling, e.g., being left 
altogether cold for half-a-day or more, are sometimes so retarded 
in development, without being killed outright, that they may 
hatch out as much as three days late. Such chicks, -however, as 
a rule, are permanently enfeebled, and are rarely worth the 
trouble of the attempt to rear them. 

5. — How long after mating are eggs before hei?ig fertile? 

After mating about ten days should elapse before using the 
eggs for incubation. 

6. — How long after removing the cock are eggs before being 
unfertile? 

It is not safe to use the eggs after the cock has been removed 
three or four days, although in some cases the eggs will be fertile 
to the mating up to ten days or even longer. 

7. — Why cool eggs? 

See pages 80—82. 

8. — How does the sun shining on incubator affect it? 

The wood absorbs the heat from the sun and tends to raise the 
temperature of the egg-chamber. This puts a strain on the 
regulator, and it may not always be able to liberate the excess 
of heat. 

9. — Should duck and hen eggs be treated alike as regards 
cooling ? 

Where it is desired to hatch them in the same machine it is 
necessary to treat them alike, but they do better separately for 
many reasons. Duck eggs do better with more ventilation and 
a little longer cooling than hen eggs. See pages 92-93. 

10. — Does it m.ake any difference to a hatch between filling 
or partially filling the egg tray? 

There is no need to fill the egg tray, as it makes no appreciable 
difference in the hatching whether the tray is full or only 
partially full. It makes some difierence, however, to the supply 
of heat required to keep up the necessary temperature, a full 
egg tray requiring least artificial heat and an empty one the 
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most, and proportionately between. This is owing to the 
generation of animal heat in the eggs themselves. Close to 
hatching-time, with an incubator full of strong embryo chicks, 
the animal heat is such that frequently hardly any artificial 
heat whatever is needed, except the weather be very cold. 

11. — Should eggs be put in egg drawer at different times? 

This may be done if the eggs in different stages of incubation 
are kept separated by a strip of wood, or cardboard, or even 
several thicknesses of paper. Better results, however, are got 
when all the eggs are of the same age, as it is impossible to 
adjust the temperature to be equally suited to eggs of varying 
incubator periods. For reasons explained elsewhere, if the 
machine is adjusted to keep the thermometer placed immediately 
over or level with the tops of the new eggs at 104 degrees, another 
thermometer placed over advanced eggs in the same machine 
will, by reason of the greater animal heat in them, be at lOB or 
106, and vice versa. 

12. — Why turn the eggs? 

The eggs should be turned every twelve or so hours, otherwise 
the embryo, floating on the highest part of the yolk, would, if 
left too long in one position, push aside the thin layer of 
albumen or white and stick to the shell. There is no virtue in 
turning the egg entirely over, except to ensure that every egg 
has been turned, any movement sufficient to change the position 
of the embryo and bring a fresh layer of white between yolk and 
shell will answer. 

13. — Why is it needful to keep the felts clean in hot-air 
incubators? 

It is very essential that the porous felts or diaphragms 'in hot- 
air incubators be kept clean, otherwise the porosity of the felt 
is partly destroyed and the downward ventilation is impeded. 
When necessary they should be washed, but usually it is only 
necessary to brush the canvas and shake the felt to remove 
accumulations of fluff. 

li.-^Why use a tank thermometer? 

This is not essential, but it gives an interesting indication 
of the progress of incubation in the following way. As incuba- 
tion advances and the animal heat in the eggs becomes more and 
more manifest less artificial heat is needed, till at the time of 
hatching, with an incubator full of strong embryos and in 
moderately warm weather, comparatively little lamp heat is 
needed, consequently the temperature of the water in the tank 
gradually falls towards 104 degrees. It is impossible to judge 
of the same thing l)y the decreasing size of the flame, but the 
diminishing temperature registered by the tank thermometer 
is an excellent reflection of the vitality in the eggs and the pro- 
portionate hatch that may be expected. 

15. — Why are some incubators so long in getting heat up after 
cooling? 

The reading of the thermometer is not always a correct indica- 
tion of the temperature of the air in the incubator, if the 
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thermometer touches the eggs, for the following reasons. Eggs 
only a few days incubated rapidly lose their heat during cooling, 
and on their return they do not regain the required tempera- 
ture as quickly as the air above them. The thermometer, there- 
fore, touching these, registers the mean temperature between the 
eggs and the warmer air above them, the thermometer thus read- 
ing only, say, 98 degrees, while the air is 104. Owing to this 
fact, the capsule, which is affected by the air only in incubator, 
being clear of the lowering influence of the cooler eggs below, 
often lifts the damper before it apparently should do so, that is, 
at too low a temperature as registered by the thermometer, 
which, as before explained, shows the mean temperature between 
air and eggs. This should not, however, cause anxiety or tempt 
the operator to readjust the regulator, as when the eggs are 
raised to the temperature of the air above them the reading of 
the thermometer will be a correct indication of the general 
temperature. Many a batch of eggs has been wholly or partially 
spoilt by too much solicitude in readjusting the regulator in 
cases as above, with the result that when the eggs reached the air 
temperature the operator has found that he had adjusted the 
regulator to work at too high a temperature. 

On the contrary, eggs in an advanced stage of incubation 
retain their heat while being cooled, and more rapidly than the 
air in the incubator return to 103 or 104 degrees after cooling. 
Thus the thermometer, if touching the eggs, as in the last case, 
and registering the mean between the air and the eggs, shows 
for a time a higher reading than the air in the egg-chamber 
alone. 

16. — Why do chicles pant when hatched? 
Chicks hatched under hens do not pant so distressingly as is 
often noticed in newly-hatched chicks in an incubator. In 
human beings panting is caused either by excessive exercise or 
excessive heat, but in either case it is simply panting "for 
breath," or air, or oxygen, demanded by the system and used 
to consume or oxidize the food, etc., in creating energy. Pant- 
ing from excessive heat is caused by the rarefied or impure state 
of the atmosphere, deficient in oxygen, and is the effort to get 
more of the latter by the quicker change of air. Neither heat 
nor exercise, except indirectly, causes the panting, which is 
directly the result of an insufficient supply of pure air. 

In an incubator the insufficiency of oxygen at the time when 
it is most needed is brought about by the far greater demands 
of the liberated chick for oxygen after beginning to use its lungs 
and by the consumption of oxygen and generation of carbon 
dioxide in the extra exertions of the chick to get out of the shell. 
Newly-hatched chicks under the hen, however, having im- 
mediate access to the outer air, do not pant much or nearly to 
the same extent, having a sufficient supply of pure cool air at 
hand to meet their wants. Therefore the violent panting of 
<:hicks in many incubators must be caused by inefficient ventila- 
tion, which, however, has been quite sufficient while the embryos 
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were in the sheils. The newly-hatched chicks should, if it were 
possible to effect this in an incubator, have their bodies in a 
temperature of about 100 to 103, while their heads are in a much 
cooler atmosphere which they can breathe, as may be noticed with 
chicks under a hen. The nearest approach to these conditions 
is found in incubators which have a glazed door, between which 
and the egg tray is an opening wide enough for the chicks to 
slip down to the nursery under the egg tray. The newly-hatched 
chicks at once make towards the light from the window and drop 
down the opening to the nursery, where the temperature is much 
lower and the air purer, and where the panting for breath soon 
ceases. Where provision of this kind is not made the chicks 
climb on the tops of the unhatched eggs and are compelled to 
breathe still hotter air than that which has hatched them. 

17. — What is the cause of lamp smoking? 

For a lamp flame to burn properly three essentials are 
required — good oil, a suitable, properly-fitted wick, and an 
ample air supply. Imperfectly refined oil or oil of low quality 
will smoke under any conditions. 

Wicks after being in use for a time lose their porosity, that is, 
the pores between the fibres become filled with deposits of solid 
matter, preventing the oil from rising by "capillary attraction" 
and causing the wick itself to burn instead of the oil. 

The wick should fit closely in the wick-tube, otherwise 
vaporized paraffin may escape by the side of the wiok and ignite 
with disastrous results on reaching the flame. This is one cause 
of lamps catching fire. 

The air-holes under the flame must be kept open, as the oil 
cannot burn without the oxygen supplied by a constant current 
of air. It is essential that this air be drawn up from below 
the flame and under the burner, therefore the chimney should 
fit closely. Too short a chimney, by reducing the draught, 
reduces also the quantity of air feeding the flame, causing it 
to smoke or smell through insufficiency of oxygen to chemically 
unite with the carbon of the vaporized paraffin, the surplus 
carbon escaping as smoke. The smell from a badly burning 
lamp, or one turned low, is not caused by the oil consumed but 
that which escapes. 

In tank machines, where a lamp with a short chimney fits up 
close to the flue in the lantern or hood, it is necessary to ensure 
that the joint is fairly air-tight, thus making a long chimney, 
as the longer th© latter the better the draught and the more 
perfect the combustion of the paraffin. For a contrary reason, 
that is, the weakness of the draught, chimneyless burners do not 
give the same heat for oil consumed or burn so well as lamps with 
chimneys. 

Some common wicks have too great a capillary power, and 
consequently are liable to draw up the oil more rapidly than 
it can be easily consumed. This surplus of unconsumed oil 
escapes as smoke. Asbestos wicks possess sufficient capillary 
power, and as asbestos is incombustible the wick itself will not 
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burn sliould the oil run short. For this reason they are safer 
than ordinary wicks. Moreover they do not require frequent 
trimming, as the apparently charred part is incombustible 
mineral matter, but being porous it does not check the passsage 
of the oil through it as does the charred end of an ordinary, 
cotton wick. 

18. — What is the cause of failure to get the heat up? 

Lamps supplied with all incubators are large enough to get 
the heat up to the required temperature even in cold weather. 
It sometimes happens, however, that a lamp, which has 
previously been sufficient, fails to get the heat above say, 90 
degrees. The cause of this is probably that owing to the lamp 
smoking the flues have become coated with soot, which, being a 
very bad conductor, keeps inside the flues the heat which ought 
to be radiated to the water in the tank or to the hot-air chamber. 
In the case of hot-air incubators with outside heaters, a piece of 
rag attached to the end of a stick is generally sufficient to 
remove this accumulation or coating, as the flue passages are 
accessible from either the top or bottom of the heater. In tank 
incubators the flues through the tank may be washed out by 
pouring water in 'at the outlet end and, by moving the incubator, 
sending it round to the inlet in the hood or lantern. Of course 
the lamp must be removed before this is done. 

19. — How should the regulator he set? 

Place the capsule in the centre of the stirrup, or suspended 
table, and pass the lifting rod from the top of the incubator, 
taking care that the blunt end of the rod rests in the cup or 
hollow button in the middle of the capsule, and the pointed end 
under the centre of the milled head adjusting screw on the lever. 
Suspend the damper or valve at the end of the lever over the 
centre of the lamp flue, with the sliding balance weight pushed 
up to the fulcrum, that is, as far to the left as possible. The 
least expansion of the capsule will now cause the damper to rise 
considerably, and when tlais happens the heat from the lamp will 
pass out, or partially so, instead of being sent through the flues 
of the tank, or the heated ingoing air is allowed to escape in the 
case of hot-air heaters. At about 98 degrees the capsule spirit 
will begin to vaporize and expand the capsule and lift the 
damper. To prevent this expansion at so low a temperature as 
under 100 degrees, increased pressure must be placed on the 
capsule, which raises the vaporizing or boiling point of the 
spirit. This is done by means of the sliding balance weight on 
the lever, which should be gradually moved towards the damper 
end till the capsule expands and lifts the damper at about 103 
degrees. 

It will be noted that the capsule when at work is like a boiler 
in a state of compression. The pressure, therefore, should not 
be removed suddenly by lifting the lever, such an action being 
liable to damage the capsule. 

In practice the damper should always be about one-eighth of 
an inch up when the temperature is at 103, thus permitting a 
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little heat to escape. This escaping surplus heat is a. kind of 
reserve. Should the flame burn down, as they gradually do 
after trimming, less heat would go into the incubator, and the 
temperature in the egg-chamber would fall if the damper 
remained a little up, but the capsule, through this reduction of 
heat, lowers or closes the damper, thus sending into the incubator 
and utilizing the above reserve to bring up or maintain the 
temperature at the degree it was when the damper was partly 
open. 

20. — flow can moisture be prevented from forming on the 
inside of glazed door? 

This condensation of moisture is caused by the low tempera- 
ture outside the incubator absorbing the heat from, and thereby 
lowering the temperature of, the glass, and air adjoining the 
glass inside. It can be partly or altogether obviated by hanging 
one or two thicknesses of felt or flannel in front of the glass out- 
side to prevent radiation. This material can be lifted when it 
is desired to see inside. 

21. — Why are some egg trays dished? 

The centre of the egg tray is always the hottest because of the 
loss of heat by tlie absorption of heat by the sides. Even in the 
very best packed incubator the loss of heat in this way is 
appreciable, and it is practically impossible to get at the same 
level a perfectly even temperature in all parts of the egg drawers. 
The top of the incubator is the hottest, and the temperature 
diminishes as we descend, therefore if the centre of the tray is 
hollow the eggs in that position are in a temperature about 
equal to that at a slightly higher level near the sides. 

22. — How can mica window w lamp chimney he cleaned? 

When clouded with smoke the mica chimney can be cleaned 
with a rag and a strong solution of washing soda. 

23. — Should hot or cold water he used, in tank to start 
incnhaior? 

Cold water may, of course, be used to fill the tank, but the 
time and oil necessary to raise the tank to the required tempera- 
ture of about 120 degrees is so much waste, when hot water will 
do it so much more quickly and easily. 

24. — Why should a lighted lamp not he used in position when 
tank is empty? 

Never light the lamp while the tank is empty. The flues thus 
become heated, and being without the protection of the water, 
the solder, which is used in the joints in some machines, is 
liable to get melted. The flue joints, however, in many hot- 
water incubators are made water-tight without solder. 
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CHAPTER XV. 

THE REARING OF CHICKENS. 

Artificial methods depend for success quite as much on good 
brooding accommodation as on the hatching, as the most profit- 
able chicks for the ta;ble come into the world at a time when, 
the severe weather is such as to tax the possibilities of the foster-' 
mother more than the incubator. A poor brooder may kill the 
chicks faster than a good incubator can hatch them. 

Essentials in a good Brooder. 

In a good foster-mother the chief heat should be from the top. 
In brooding the hen sits on the ground, the chicks nestle amongst 
her feathers and are surrounded by a genial warmth. Even 
the ground is heated considerably by the fowl's body. In the 
artificial mother, if all the heat is on the top, the chickens 
clamber for the uppermost place and the weaker ones get crushed 
to death. Chicks sit down to sleep, and a cold and especially a 
damp floor, however warm it is above the chicks, chills them, 
or causes cramp or crowding. On the contrary, all bottom heat 
is a sure source of leg weakness. A general wholesome warmth 
is required, the situation of the source of heat being of less 
importance than its distribution. It must not be all in one 
place, either top or bottom. 

The brooder should consist of two apartments 'of different 
temperatures, then the chicks will select by instinct the one most 
suited to their needs. It is not a good arrangement to leave the 
•chicks no choice between the heated foster-mother proper and 
the outside atmosphere. Chicks will not sufier themselves to be 
overheated if they have the opportunity to get away from the 
heat any more than they will die of cold if they are able to find 
a warm place. 

Proper ventilation is essential, as fresh air is as necessary to 
•chickens as to human beings. Brooders into which the fumes 
of the lamp are permitted to enter are not good, as the breathing 
of carbon dioxide gas throughout the long hours of a winter's 
night poisons the blood and debilitates the system. Neither must 
there be, in obtaining pure air, any chilling draughts. 

The brooder should be stormproof to withstand the worst 
weather of winter, and have a glazed run of such a size that the 
chicks may, if needful, be confined in it altogether, if moved 
from day to day. It should be, on this account, portable, con- 
venient to handle, and easily cleaned. 

Heat at which to work the Rearer. 

If the chicks hatch out on the twentieth day the probability is 
-that the incubator has been operated at a little too high a heat. 
!If, on the contrary, they do not come out of the shells till the 
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twenty-second day, or hatch out weak, there has been either too 
low a heat, or the eggs were stale, or from immature debilitated 
or overfed stock, and, as a consequence, lacking in vitality. The 
chicks should be allowed to remain in the incubator, unless a 
warm, ©utside, dry box is provided, as in hot-water machines, 
for ten or twelve hours after they are hatched, that is, until 
they are thoroughly dried and have assumed their flufiy or 
downy appearance. 

For the first twenty-four to thirty-six hours warmth is all the 
chicks need. They are at this time, as it were, almost naked, 
as their downy covering is not a sufficiently good protection 
against cold, and if a chick once becomes chilled it never 
recovers, and is never able to regain lost time. At first the 
temperature in the brooder should be from 90 to 95 degrees, 
gradually lowering it to 70 or 75 by the end of the third or 
fourth week. Too much heat, however, must be guarded 
against. Chicks rapidly become more hardy, and when a week 
or ten days old can bear a considerable amount of cold if the 
weather is dry and they have always at hand a warm snug 
brooder to run to. 

If the chicks are watched in cold weather it will be noticed 
that they do not remain out long at a time, but frequently return 
to the foster-mother to get warmed up again. No thermometer 
need be used to ascertain the best temperature at which to keep 
the brooder, as the best criterion of this is the chicks them- 
selves. If they chirp about discontentedly or huddle together, 
or have a hardness about the vent indicating diarrhoea, the 
probability is more heat is needed. It should not be forgotten 
that the hen broods her chicks with approximately the same heat 
with which she hatches them. 

Chicks crowd and trample each other only when they are cold 
and uncomfortable. Give them sufficient heat and they will 
squat contentedly on any part of the brooder floor. Although 
ample warmth is necessary, coddling in anv form defeats its own 
purpose. Artificial heat should be supplied for from three to six 
weeks, according to the weather, continuing it at night after it 
has been discontinued during the day. 

Cleanliness. 

Cleanliness is of the greatest importance. Without it disease,, 
death, and failure are certain. Leave no stale food about, 
remove the excrements, and clean the feeding troughs, drinking 
founts, and tlie brooder floor frequently. This entails some 
trouble, but it is necessary to success. Incubator-hatched chicks 
start life free from the insect pests wliich sap the life-blood of 
naturally-hatched chicks, and if kept awav from hens will not 
be troubled with them, and as a consequence they will not be 
liable to many of the ailments of chickens brooded by the hen. 
If, however, insects should attack them, on the first indication, 
as shown by drowsiness, discontented chirping, ceasing to 
thrive, roughness of feathers, etc., examine the heads and under 
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the wings for lice. Use limewash, to which a little glue has been 
added, inside the brooders frequently. 

Dampness. 

Chickens can bear cold after they are a week or two old, but 
dampness is fatal to success at any stage of the chick's career. 
The floor of the foster-mother should be covered with sand, dry 
earth, moss litter, chafi, etc., as bare boards cause leg- weakness, 
and even covering a stone or boarded floor to the thickness of one 
or two inches with the above will not altogether obviate the 
danger, if it is attempted to rear them on such a floor. They 
must have a run on the bare earth (in wet weather the run must 
be covered), as chicks cannot be reared inside altogether on any 
kind of artificial floor. 

Number in a Flock. 

The number of chicks that may be allowed together depends 
greatly on circumstances. Like fowls, they do better, as a rule, 
in small flocks; but it is as safe to keep 50 or even 75 together 
under some conditions as 20 or 30 under other conditions. The 
conditions required are plenty of room, a fairly equable tempera- 
ture in all parts of rearer, with no corners into which chicks are 
likely to crowd, and the chicks all of one age. 

Grass or Soil. 

It is immaterial whether the foster-mother and run are placed 
on grass or soil. Both have their advantages; short grass is 
often preferred, but a combination of the two is best. Dry soil 
or sand supplies better scratching exercise and can be kept sweet, 
where the run is not moveable, by being dug or hoed over. This 
is an important consideration where space is limited, as grass- 
runs need to be changed almost daily. 

Feeding Chickens. 

For the first twenty-four hours at least the chicks do not 
require feeding, the yolk absorbed at hatching-time supplying 
all the nourishment needed during that time. After the first 
day feed every two or three hours for the first week, gradually 
lessening the number of meals a day to three by the time the 
chicks are a month old. The first and last meals should always 
be as early and late as possible, in winter it being necessary to 
give these two meals by lamp-light. 

For the first day or two feed the chicks on any of the 
following : — 

1. — Hard-boiled egg (the infertile ones removed from the 
incubator will- do very well for this purpose) chopped fine, 
shells included, and mixed with an equal quantity of stale 
bread crumbs, the whole moistened with milk into a 
friable condition. 
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2. — Coarse dry oatmeal. 

3. — Stale bread crumbs alone, or moistened with milk or 
water, may also be given. 

After the first few days either of the following foods may be 
given j the more they are varied the better : — 

4. — Coarse oatmeal dry, or moistened with milk or water. 

5. — One-third oatmeal to two-thirds barleymeal, scalded with 
boiling water and mixed into a crumbly condition. 

6. — Five-parts oatmeal to one of boiled rice, mixed as the last. 

7. — Boiled rice mixed into a friable condition with meal. This 
is a specially good food for checking diarrhoea. 

Accustom the chicks early to crushed wheat, afterwards giving 
them the grain whole. Bran is very indigestible, and irritates 
the bowels unless well scalded to soften it, then it forms an excel- 
lent bone-forming food. Animal food, chopped very fine, should 
be given in moderation from the first week. If the chicks are 
not provided with a grass-run green food must be supplied with- 
out stint. Onion tops, cabbage, lettuce, and nettle leaves are 
specially good. This green food should be so placed in the run, 
either hung up or otherwise, that the chicks do not soil far more 
than they eat. 

Chicks do not eat much at a meal, but they eat often. Give 
them regularly as much as they will eat, then take up the 
remainder till the next meal. It is a good plan to keep a box 
of ground bone always accessible to the chicks. Sharp grit or 
sand should be scattered on the food, and a dry dust-box should 
he provided. Lime-water added to the drinking water is bene- 
ficial. If there are any signs of leg-weakness from rapid growth 
put a teaspoonful of citrate of iron and ammonia in each quart 
of drinking water, or a few rusty nails will even answer the same 
purpose. The state of the droppings is a good test of health. 
When they are of a brownish colour, capped with white, the 
chickens are thriving. 



'J"he Feathered World, 9, Arundel Street, Strand, London. 
Y.P.C., Oct., 1909. 



NO BROODY 
HENS 



NEED 
APPLY 





where Tamlin's Incubators are in 
use — they're not wanted; there's 
nothing, for them to do; such use- 
less and uncertain method as 
sitting hens which only break 
the eggs, or kill the chickens 
after they have been hatched. 
They cannot compete with 
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TAMLIN'S 
INCUBATOR 



for this machine is an insurance 
against failure. You have nothing 
to do but wait till hatching time 
comes round, then out comir- your 
chickens; no anxiety; no specu- 
lation as to what luck you'll 
have, for a "Tamlin's " never 
disappoints its users. Just con- 
sider these advantages in hatching 
against the old method. 

There are hundreds who 
don't believe this — can't 
(hink it possible — 
haven't 



tried them— but hundreds do, for 
they have tried them. They should 
get our catalogue and hear what 
those who have tried them say. Its 
250 illustrations of appliances for 
Poultry-keepers show everything you 
can conceive, need, desire, or requite, 
and it's free and post free of 

W. TAMLIN, 37, St. Margaret's, 

TWICKENHAM, LONDON. 



THE 



GLOUCESTER INCUBATOR 






PRICES 




40 Egg size 




£2 10 O 


66 „ 




3 O O 


100 „ 




3 15 O 


150 „ 




4 5 O 


250 „ 




6 O O 


390 „ 




7 5 O 



(Carriage Paid 



The Gloucester Incubator is a self-ventilating, self-regulating, non-moisture 
Incubator of the highest class. So perfect is the system of ventilation that no 
supplied moisture whatever is required, no matter in what position or in what 
locality the incubator is placed, the humidity in the egg chamber being exactly 
the same as under the sitting ben. 

Every maker asserts that his machine is the most perfect batcher in existerice. 
lb is a simple and easy thing to make a statement of this sort, but altogether 
another thing to prove its truth. We give you tbe opportunity to test the value of 
our statements and prove for yourselves its correctness bv tbe conditions of nnr 
guarantee under which we allow you to test our machine for three months. If in 
that time you are satisfied that it is not true, you can return the machine to us, 
and we will refund you your money in full. We know what our machine can do : 
we know that it will hatch you finer, stronger and healthier chicks than any other 
make, and, what is more, more of them,. We know that, when you have tried it, 
the last thing you will do will be to send it back, so we are not afraid to offer you 
such generous terms. 

Our new patent device for removing chicks from tbe nursery while the batch 
is in nrogress, without opening the door or disturbing in any way the atmospheric 
conditions of the interior, is a most valuable and important improvement. With 
this facility no machine can approach the "Gloucester." combining, as it does, 
tbe very finest hatching qualities with every convenience to assist the operator. 
One of the chief features of the "Gloucester" is its great simplicity— a child 
could work it with the utmost ease. No attention is required. The regulator will 
keep the temperature even within a fraction of a desree, and the daily turning of 
the eggs is all that has to be done to secure the best results. In fact, it reduces 
aitificial iocubation to its simplest form and makes success certain. 

The following is a Copy of the largest order for incubators ever given in thii 
country and proves concusively that the "Gloucester" Incubator is the best and 
most up-to-date machine it i-^ possible to procure. It is absolutelv essential that 
the man wbo makes his living from his Incubators should have the very best, as 
every additional chicken obtained means a clear profit over and above what he 
would have made had he used an inferior batcher. 

THE LARGEST ORDER EVER GIVEN FOR INCUBATORS. 

The Hatche'ries, Plymouth, 
August 30th, 1909. 
Deab Sirs, 

I will take 45 390 Egg Non-moisture Incubators, complete with your patent 
Chick device, Nursery Drawers, Gas Valves and Bunsen Burners. Please let me 
know whether you can supply the whole 45 during October next. 

Yours truly, 
ALFKED j; TROTT. 
Illustrated Catalog^ue, containing^ full particulars of incubators, Brooders, 
and otiier Poultry RequisitoB, post free on application. 

INCUBATOR COMPONENTS MANUFACTURING CO., 
OEPT. H, GLOUCESTER. 



Under the Distinguished Patronage of Her IVlajesty The Queen. 



^ 



WINNEE OF HIGHEST AWAEDS- 
Daikt Show, 1905, 1906, 19D7, 1908. 

iNTEKNATIONAIi SHOW, 1904, 1905, 

1906, 1907, 1908. 

Manchester Show, 1903, 1904, 1905, 
1906, 1907, 1908. 



WINNER OF HIGHEST AWABDS- 

BlBKENHEAD, 1904. 1905, 1906, 1907, 

1908, 1909. 
Gbahamstown, South Afhica, 1905. 
Peetohia, South Africa, 1909. 
Geneva, Switzebland, 1908, 1909. 




INCUBATORS, 

Acknowledged by the Poultry Press and all the leading experts to be the finest and 
most successful (latching device on the World's Market. 



PRICE AND CAPACITY. 

30 Egg capacity - «2 14 O I 100 Egg capacity - £4 O O 

60 „ „ - £3 7 O I ZOO „ „ - £6 17 6 

Fitted with all', Accessories ready for immediate use. 

Phipps' Foster-Mothers, Poultry Houses, Stubble Houses, Pigeon Houses, Cockerel 
Pens, Shading Houses, Dog Breeding Kennels, Portable Buildings, Cycle Houses, 
Garden Frames, Greenhouses, etc., fully illustrated in Catalogue, post free on application. 

A U* X*7 ■»» ■»*¥¥» 1» «i MIDLAND WORKS, 

J\., MJJ. ^nf . r' MTM. M. K- MT >>:9 , HARBORNE, BIRi\AiNGHAM. 

Telegraphic Address: "Incubatob, HABrioRNE." Telephone i 268 Edgbaston. 



Chas. TOOPE & SON, 

HEATING EXPERTS, 
STEPNEY SQUARE, HIGH Sliv ET, 
STEPNEY, LONDON, E. 

Manufacturers and Patentees of 

THE flSBESTIG HEH IllGDBftTOH. 



Will outlast TWO 
Wooden Incubators. 

Patent Double-Flue 

Tabular Tank, Compound 

Heated by Hot Water 

and Hot Air. 

A saving of 50 per cent, 
in Oil Consumption. 
/ 
larilili HATCH EVERY FERTIIiF. EGG. 

Splendid Ventilating System. Write at once for Catalogue, mentioning this Book. 

Also BROODERS, POSTER MOTHERS, BROODER HEATERS, &c. 

POULTRY HOUSES of all descriptions. 



The only Reliable 
Hatcher in existence. 

FIRE-PROOF. . . 
ROT-PROOF, and 
VERMIN-PROOF. 





BROODER HOUSES, 

fitted complete. 
Heated by 
Ijj'tSs-Gas OP Oil, 
Coal or 
Coke. 



PATENT DRYING MACHINE.^ 

For preparing Fowls 
for Exhibition. 

No Farm complete 
without one. 




LARGEST MAKERS OF 

INCUBATOR and BROODER FITTINGS in the WorldV 

Wire Netting, Felt and "Asbestos Slates for Roofing, I 
Cattle Troughs, Coi-n Bins, Green Bone and Grain ^ 
Crushing Machines. 

em~ ALL KINDS OF METAL, WORK DONE. -9% 

Garden Hose, Whitewash Sprayers, etc. Tar, Varnish, etc. 

Also Heating Apparatus for Greenhouses, Hothouses, Garden Frames, etc., 
for Oil, Gas or Fuel. Write for Lists. 

SUPERIOR GOODS. lOW PRICES. QUICK DELIVERIES. 



Telegrams: "TOOPES, LONDON." Telephone, 3497 East. ESTABLISHED 1881. 






THEIHCUBATOB ^^.i±r^i 

—^^—^^—^-^^——— gjun, ami Spring 

. ^ Regulator, which 

regulates to a 

f ractibn of a degree 

without trouble, 

THE INCUBATuB TOvedn/^'^holl ' 

-' area^flnemachine. 
• — no crowding. 

THE INCURATflR ^^'t^'tJie-Qopp^rLTreble-FIued Tank whibi) gives- 
* "** twwwfuifw an eyei»«dlation of Jieat ih th^' egg chamber and 
saves half the oil cohsunjptiod. 

yrith avTtf&isture t>evice which supplies the eggs 
with 'pure filtered moisture, and enables the 
attendant ''to add moiisture without opening the 
V. egg drawer. 

100 Egg Size, £4. 50 Egg Size, ^3 5s. 6cl. 3D Egg Size, £2 12s. 

Ssnd for Catalogue-, of thU wonder/vl Incubator^ alio, Foster Mothers, poultry 
Houses, and all Hndsof PoHabU Building f. , Winners of over 50 Prize Medals, 

Post Free. 

J.M.D. LIVE STOCK APPLIANCE CO.. 

Dept. F.W.B., BLACKBURN. 



THE INCUBATOB 



Pfliiltfy BlaiiaiiBiiieiit tutfliijilioel me yeaf. 

By GLEM WATSON. A wellTUlustrq,ted guide, month by 
month, to the Poultry-keeper. Inyaluable to Amateurs and 
Fanciers. Post-free, Is. 3d. 



PomtrtoT lie People. 



. By ALEX. COM YNS., Revised: and enlarged by J. P. W. 

.NJARX. Contains much ^alluable infornlation on Feeding," 

Rearing, etc., as.well as on all the', different, varieties. Fully 

Illustrated. Post free, Is. 3d. paper ; 2s> 3d. cloth. (Postal 

Qr4er). 

stoct aaa iiBM PoiiKry Breemi liecoiii. 

Sip ■ : ■ • , ,1 

By S. D& M. CAREYl In-valuable to Utility and Exhibition 
, Poultry Keepers for Keeping an Individual Record of their 
Breeding Pens. Post free, lOd. 



"THE FEATHERED WORLD," "CANARY & CAGE-BIRD LIFE," 
9, Arundel Street, Strand, London, W.C. 



.-^ HE^ARSON'S ^ 

PATENT 

CHAMPION INCUBATORS 



The Best in the World. 



Will last a Generation. 




Size (No. 2 to hold 26 hen eggs > -£356 

• „ 6 „ SO to 60 hen e|gi .586 

„ 11 „ 100 to 120 „ .836 

„ 20 „ 200 to 240 „ - 12 17 

CAEKIAQE PAID, 



TESTIMONIAL 

M'otton-itnder-Edge, 

26/12/08. 

'■ Mrs. O hae begged me to write to yon and' 

tell you what BuccesB Bhe has bad with her ' 
Hearson's Incubator, having hatched oat 99 eggs 
ont of the 100 which were put in. 

Tours truly— E. G." 



FEED FOR MORE EGGS ! 

SPRATT'S "LAYBOR" 

MAKES HENS L4Y. 

"LA^MOR" is a scientific Meal, rich in Egg-producing properties, 

without which Hens cannot be good layers. Ir does not pay to 

feed them by guess, 

4SK THE MI4N WHO USES IT. 
Per Cwt. 15/-. Half-cwt. 8/-, Carriage Paid ; also in 1/- Bags. 



Your Dealer can supply, but see yon get it in 
sealed thus : 



SPRATT'S PATENT, LTD., 
24/25^ Fienchupch St., London, E.G. 




